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COMPOSITION TO IMPROVE SURVIVAL OF BIOLOGICAL MATERIALS 
BACKGROUND OF THE INVENTION 
Field Of the Invention 

The present invention relates to aqueous compositions 
of substances, e.g, organic molecules, which are useful to 
5 modify the freezing process of liquids in biological 
tissue. More specifically, the present invention relates 
to the use of antifreeze protein or glycoprotein which is 
derived, for example, from the fluid or serum of Arctic and 
Antarctic fish. Preferred antifreeze compounds are related 

10 to those obtained from natural animal sources. More 
preferred are those polypeptides having multiple -alanine- 
alanine-threonine- or -alanine-alanine-alanine-segments . 
In some embodiments, a pendant sugar group is covalently 
attached to the threonine moiety. 

15 A solution of antifreeze protein is perfused through 

animal or plant tissue, an animal organ or a whole living 
animal. The tissue, organ, or plant or animal is then 
carefully frozen to temperatures below -0.5'C and held at 
the low temperatures. The ice forms primarily along the c- 

20 axis of the ice crystal, and ice formation is inhibited in 
the direction of the a-axes (faces) of the ice crystal. 
This spicular ice growth compartmentalizes the 
concentration of the salts with the result that adjacent 
cells are not disrupted or completely dehydrated. The 

25 tissue, organ or animal is carefully thawed, and the 
tissue, organ, or animal is functioning and viable. The 
presejTved organs are particularly useful in transplantation 
therapy in a human being. 

The present invention also relates to compositions of 

30 substances, e.g. organic molecules, which are useful to 
improve survival, functionality and/or structural integrity 
in biological materials, e.g., microorganisms, animal and 
plant cells, tissues, organs and whole plants or whole 
animals, exposed to temperatures and chemical environments 

35 different from their normal physiological temperatures and 
environments, by protecting at least the cell membranes 
from damage and cell contents from leakage due to exposure 
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to nonphysiological thermal and chemical conditions. 

DESCRTPTTn y pp RTjT.aTED APT 

oraa„r' °' -""^^ tissue, „i„al 

organs and Uv.ng animals has been the subject ot recent 
5 intense laboratory and medical research. „u^ 

transplants of heart, kidney, lung, liver and the like Ire 
now possible because o£ improved surgical techniques 
Improved anti-rejection drugs, and immediate availabmt; 

10 from aT' ™ —el 

from a donor cooled, stored on vet ice, but not frozen and 

wxth« a maximum of a few hours are surgically placed in a 
recipient's body. "ma 

The preservation of animal tissue aT,-!«,= i 
. ^ wiiiuax uissue, animal oroans anri 

intact Viable animals by freezing at lowered templratu^el 
X5 IS presently limited to a few hours, because the noZl 
formation of ice in an organ produces localized 
concentrated salt solutions. «ater migrates f.om ^e 
nearby cells irreversibly dehydrating the cell. it is a 
ma,or problem that these events disrupt the organ 
=0 structure, and the organ does not reactivate upon thawLg 
Advances in the development of immunosuppressants 
Improvements in organ transplantation techniques and th; 
successful use of freezing for long-term prerervation oJ 
cells have motivated intensive research efforts on methods 
for long-term preservation of biological organs through 
freezing. Recently, b. Rubinsky, U.S. Patent 4,531,373 

solldlf ^^'"i^e using a dlrecti^al 

solidification stage and low temperature scanning electron 

tissues. 

socle!; ri""^ " E=£SS2il,^_a£_tfte_B2y5i 

experimental results and a mathematical model for the 
3S freezing process and the mechanism of damage in biologi^i 
tissue and biological organs. logical 

comoos-r literature below disclose a 

composition or a method to preserve for long times frozen 
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tissue, organs or whole animals. 

Earlier experimental results show that single, 
continuous ice crystals normally form along the blood 
vessels of frozen tissue. B. Rubinsky et al. (1988), crvo- 
5 tetters , Vol. 8, p. 370; B. Rubinsky et al. (1988), Proc. 
Royal Soc. Tond, , B234, 343. The structure of the frozen 
tissue depends on the cooling rate, (i.e., the temperature 
variation per unit time) during freezing. When tissue, 
such as liver, is frozen with low cooling rates (about 
10 1-c/min to about lO'C/min), the smaller blood vessels 
(sinusoids) expand relative to those of the unfrozen normal 
liver tissue. m addition, the cells (hepatocytes) 
adjacent to the expanded sinusoids, are dehydrated without 
intracellular ice forming. However, at higher cooling 
15 rates, intracellular ice forms in the cells (hepatocytes) 
resulting in a reduced expansion of the sinusoids. 

One explanation for the observed formation of 
continuous ice crystals along the blood vessels, for the 
expansion of the frozen blood vessels, and for the 
20 formation of intracellular ice during freezing with higher 
cooling rates is that ice formed in the vascular system 
does not propagate through the cell membranes or the blood 
vessel wall. Instead, ice forms within and propagates 
along the blood vessels where there is no barrier to the 
25 ice crystal growth process. Water in the cells surrounding 
the frozen blood vessels, being compartmentalized in small 
volumes, will, at first, remain supercooled. As the 
intravascular ice forms, water is removed from the solution 
in the vascular space, rendering the remaining solution 
30 hypertonic (higher in salts concentration). This higher 
concentration of solutes causes water to migrate 
irreversibly from the surrounding cells, through the semi- 
permeable cell membrane, into the blood vessel in order to 
equilibrate the difference in chemical potential. 
35 Consequently, the cells surrounding the blood vessel will 
dehydrate, and the water that leaves the cell then freezes 
in the vascular system. Water transport from cells through 
the cell membrane into the blood vessel , is a rate-governed 
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process, which depends on the permeability of the cell 
membrane. Therefore, when larger organs are frozen using 
higher (i.e. faster) cooling rates, sufficient water 
remains in the cell for intracellular ice to form prior to 
5 the complete dehydration of the cell. a more detailed 
description of the process of freezing and a mathematical 
model that supports this description is found in the 
Rubinsky, et al. (1988) reference above. This result also 
leads to the conclusion that one of the possible modes of 

10 damage to frozen tissue is the observed expansion of the 
blood vessels which causes the disruption of the structural 
(mechanical) integrity of the organ. This mode of damage 
apparently does not affect cells frozen in suspensions, and 
may explain why organs do not survive freezing under the 

15 same conditions in which cells in suspensions survive. 

The normal patterns of ice formation, in which the 
energetically preferred direction of ice growth is also the 
a-axes (prism face) of the hexagonal prism ice crystal, 
governs the process of freezing in tissue. Any hexagonal 

20 prism facet of the a-axes of the tb -oo_dimensional ice 
crystal has the same energetic prefere: 3 and, therefore, 
during freezing of tissue, the ice crystal can continuously 
follow and grow along the blood vessel. Furthermore, as 
discussed earlier, the large ice crystals of normal 

25 freezing do not incorporate solutes. This rejection of 
solutes results in more concentrated solutes, a mass 
transfer process and the irreversible water migration from 
local cells and tissue into the open vessel. This 
migration leads to the disruption of the structural 

30 integrity of the cells of the tissue or organ. 

Additional background information can be found in: 

B. Rubinsky et al., Biochem. Biophvs. Res. CoTmnnr.. , 
Vol. 173, #3, Dec. 1990, p. 1369-1374. 

N.V. Jamieson et al. Crvobioloav . Vol. 25, 300-310 
35 (1988) 

R.L. Veech, U.S. Patent No. 4,663,289. 

C. A. Knight, et al. (1989), Science . V0.I . 245, Aug. 4, 
1989, pp. 505-507. 
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J. A. Raymond, et al. (1989), Proceedings of the> 
National Academy of Scien ces U.S.A. . Vol. 86, pp. 881-885. 

D.A. Powers (1989), Science . Vol. 246, October 20, 
1989, pp. 352-358. 
5 A.L. DeVries, (1984) Phil. Trans . R. Son. T.or,Hnn , v^i 

B 304, pp. 575-588. 

C.-H.C. Cheng, et al. (1989), Biochemical et. 
Biophysical Acta. Vol. 997, pp. 55-64. 

W. Wippich, German Patentsschrift 139, 200, Dec. 19, 

10 1979. 

J.D. Schrag, et al. (1987) Biochemical et Biophysical 
Acta, Vol. 915, pp. 357-370. 

C.A. Knight et al., (1984) Nature . Vol. 308, no. 5956, 
pp. 295-296. 

J- A- Raymond, et al., (1977) Proc. Nat. Acad, sri , 
P-S'A' I Vol. 74, no. 6, pp. 2589-2593. 

J. A. Ahlgren, et al., (1988) J. Exp. Biol . , Vni 137, 
pp. 549-563. 

P. Mazur, (1963) J. Gen. Phys^n;! , vol. 47, p. 347. 
20 P- Mazur, (1970) Science. Vol. 168, p. 939. 

A.L. DeVries, et al. (1970) J. Biol, ch^^. ^ vol. 245, 
pp 2901-2908. 

J. A. Raymond, et al. (ia77) Proc. Natl. Acad. Sci . nga 
Vol. 74, pp. 2589-2593. 
25 A.L. DeVries (1984) Trans. Rov al Soe. y onH , vol. 

B304, pp. 575-588. 

A.L. DeVries, (1988) Comp. Biochem. Phy air.1 . vol. 90B 
(3) pp. 611-621. 

J. A. Raymond, et al. (1989) Proc. Wati . Acad. fi«i . ^ 
30 vol. 86(3), pp. 881-885. 

H. Niemann, (1985) Therioa enolQcry . Vol. 23 pp. 213. 
M.L. Fahning, et al. (1989) CryobiolQcrv . vol. 26, pp. 

563. 

S. Hayashi, et al. (1989) The Vet. Ree. . pp. 43-44. 
C.C. Cheng, et al. (1989) Biochem. Biophy. A^t^. , vol. 
997, pp. 55-64. 

G.M. Fahy, et al. (1984) Cryobioloav . vol. 21 pp. 407- 



35 



426. 
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15 



20 



30 



35 



6 



575. 



W.F. Rail, et al. (1985) Us^, Vol. 313, pp. 573- 

A. Trounson (1986) Fertility ..h c.^^.,^^.. 
pp. 1-12. * ' 

W.F. Rail, (1987) CrY9>?i9loqy, Vol. 24, pp. 387-402 
J.M. Shaw, et al. (1989) CrvobjoinryY, vol. 26 m 
413-421. ' 

G.M. Fahy (1990), scientific vol. 262 pn 

20. ' 

A. Arav, et al. (1990) , Proc. .Bi-h ... ^^i m.o-h.^ ^ o^- 
for Cryohini^ryy^ Abstracts 42,43. 

D. Tumbull (1969) contemn. Phyc vol. 10, pp. 473. 

B. Rubinsky, U. S. Patent 4,531,373, July 1985 
B. Rubinsky, et al. (1985) Crvobioin»y, vol. 22, pp. 



488. 



55-62. 



M. Mattioli, et al., (1988) Gamete n^^^^^r^y. ^ vol 21 
pp. 223-232. ' 

A. Arav, et al. (1988) Crvobioi^^y vol. 25, pp. 567 
P. Quin, et al. (1982) J. Renrnr^. T..>^ vol. 66, pp 
161-168. ' 

D. Pope, (1977) J. Anim. Sni , , vol. 44, pp. 1036-1040 
All references, patents, articles, standards, etc 
cxted in this application are incorporated herein by 
25 reference in their entirety. 

It would be extremely advantageous to have a 
composition and a method which would alter the preservation 
process of biological liquids in plant or animal cell 
tissue. Thus, When the frozen tissue, organ, plant or 
anxmal is carefully thawed, it results in viable cells 
txssue, organ, plant or animal. The present invention 
provides such a preservation composition and method. 

SUMMARY DP 'P HE TWVFMTTftM 
The present invention is related to a composition of 
biologically compatible substances, e.g., antifreeze 
peptide, useful to the survival, functionality, stability 
and structural integrity of biological materials, including 
proteins, enzymes, lipids, cell membranes, animal or plant 
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cells, microorganisms, tissues, organs, whole animals, or 
whole plants subjected to nonphysiological temperatures, 
either higher or lower than the normal physiological 
temperatures or to nonphysiological chemical environments, 
5 by interacting with the proteins, lipids and at least the 
cell membranes. « 

In other aspects, the present invention also relates 
to a composition of antifreeze protein useful in improving 
survival, functionality, stability and structural integrity 
10 of biological materials, including, proteins, enzymes, 
lipids, cell membranes, cells (animal or plant) 
microorganisms, tissues, organs, animals, or plants 
subjected to temperatures lower than O'C in the presence of 
ice crystals: 

modification of the structure of the ice 
crystals in the immediate vicinity of the proteins, 
enzymes, lipid or at least the plant or animal cell 
membranes ; 

(b) by reducing the number and the size of the ice 
crystals or by completely eliminating the ice crystals in 
the immediate vicinity of the proteins, enzymes, lipids or 
at least the cell membranes; or 

(c) by modifying the mode in which solutes are 
rejected by the ice formation and thereby changing the 
chemical composition of the solution surrounding the 
proteins, enzymes, lipids or at least the cell membranes. 

The present invention also relates to a composition 
useful to block ion channels in membranes to retard or 
prevent ion leakage (in general) and to stabilize cell 
membranes (in general) , or in binding other macromolecules 
to proteins, lipids, or at least cell membranes. 

The composition whose usefulness discussed above 
comprises at least one biologically compatible antifreeze 
substance, and a biologically compatible aqueous solution. 

In one aspect the biologically compatible antifreeze 
substance is a macromolecule obtained from or substantially 
the same as a macromolecule derived from an animal selected 
from fish, amphibian, worm, insect or reptile, preferably 



20 



25 



30 



35 
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fish from Arctic, Antarctic, North Temperate or South 
Temperate Zones. More preferably, the protein is from body 
fluids (e.g. blood) from Antarctic fish, e.g. from the 
family Notothentidae , including the species D. naw^nr^i and 
p. borghqrevinVi or the Antarctic eel pout Rhiaophn^ . 
dearbomi , or the Arctic winter flounder. All these 
antifreeze proteins are known and have the common property 
that they modify the structure of ice crystals. 

In one embodiment, the biologically acceptable 
substance is selected from a polypeptide, a glycopeptide, 
a polypeptide covalently bonded to biologically acceptable 
carrier, a glycopolypeptide covalently bonded to a carrier 
or mixtures thereof. 

In another aspect, the biologically compatible 
substance promotes ice crystal growth along the c-axis of 
the ice crystal, and inhibits growth of an ice crystal 
along the a-axis of the ice crystal. m another 
embodiment, the at least one type of biologically 
compatible macromolecule has alternating hydrophobic 
regions and hydrophilic regions which repeat between each 
16-17 or 19-20 Angstroms, or preferably repeat about 
between about each 16.5 or 19.5 Angstroms. 

In one embodiment, the aqueous composition further 
includes additional preserving, protecting or vitrifying 
25 compounds selected from glycerol, dimethylsulf oxide, 
ethylene glycol, polyvinylpyrrolidone, glucose, sucrose, 
propanediol, propylene, glycol, carboxymethyl cellulose, or 
mixtures of these compounds which are known to protect 
cells and biological materials against freezing damage or 
30 to promote vitrification. 

The ability of the compounds to protect or stabilize 
membranes are also useful in the preservation of food; in 
cosmetics to restore, preserve or repair skin tissue; or in 
therapy for diseases associated with instability of cell 
35 membranes. 

The ability to block ion channels is used in treating 
diseases associated with imbalances of the intracellular- 
extracellular ion transport. 



20 
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The ability to attach to and interact with cell 
membrane, is used in attaching various macromolecules to 
the antifreeze proteins and thereby facilitating their 
attachment to the cell membrane. 
5 In another aspect the present invention relates to a 

method for preservation, survival, functionality, stability' 
and structure or integrity of biological materials, at non- 
physiological temperatures or in nonphysiological chemical 
compositions, including proteins, enzymes, lipids, cell 
10 membranes, cells (animal or plant), microorganisms, 
tissues, organs, whole animals or whole plants, which 
method comprises: 

(a) bringing the moiety to be preserved in contact 
with a biologically acceptable substance in sufficient 
concentration to interact with all the proteins, lipids, 
cell membranes, cells (animal or plant), microorganisms, 
tissues, organs, whole animals or whole plants, 

(b) exposure to the nonphysiological conditions; 

(c) optionally first removing the macromolecule; 

2° returning the proteins, lipids, cell membranes, 

cells (animal or plant), microorganisms, tissues, organs, 
animals or plants, to a physiological temperature and 
composition, while optionally simultaneously removing the 
macromolecule; or optionally 

2^ (e) subsequently removing the macromolecule after 

returning the biological material to the physiological 
temperature and composition. 

In one embodiment, the temperatures are hypothermic, 
i.e., close to 0*c or lower and are used for preservation 

30 of proteins, lipids, cell membranes, cells (animal or 
plant), microorganisms, tissues, organs, animals or plants. 
For example, pig oocytes are preserved in such a way at 
about 4'C to 24 hr or more. Rat livers are preserved by 
this method at 4*C for 24 hr or more. 

35 In another aspect the present invention related to a 

method for preservation of proteins, enzymes, lipids, cell 
membranes, cells (animal or plant), microorganisms, 
tissues, organs, animals or plants at temperatures below 
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0°C to about 4K which method comprises: 

(a) bringing the moiety to preserved in contact with 
the biologically compatible substance (e.g. AFP or AFGP in 
the presence of only an aqueous solution or with addition 

5 the other cryoprotective compounds such as glycerol 
propylene glycol, etc. ; 

(b) cooling preferably to cryogenic temperatures (by 
such means as liquid nitrogen) and either vitrifying or 
freezing the system according to the various concentrations 

10 and cooling rates using higher concentrations of the 
additional compounds, such as propylene glycol or glycerol 
and high er cooling rates which lead to vitrification and 
to lower freezing temperatures (e.g. with 40% v/v 
propyleneglycol/water) and with a cooling rate of 

15 1,750'C/min., vitrification is achieved); 

(c) maintaining the proteins, lipids, cell membranes 
cells (animal or plant), microorganisms, tissues, organs' 
animals or plants, at these temperatures for periods of up 
to 24 hours, 7 days, 52 weeks or more than lo years, 

20 (d) warming, by such means as warm fluids or 

mxcrowave heating, to physiological conditions, and 

(e) removing the biologically compatible substance 
e.g. antifreeze glycoproteins and the other compounds' 
(e.g., by perfusion or flushing) and replacing them with 

25 physiological compatible solutions to regenerate the viable 
biological moiety. 

For example, with 12.5% v/v propylene glycol/water at 
a cooling rate of 1,200-C/min. , ice crystals were formed, 
in all cases, viable mouse embryos and pig oocytes were 
JO obtained after exposure to -130'C for several hours; 

Pig oocytes, pig embryos and mouse embryos survive 
this protocol in a aqueous composition of 20 mg/ml 
antifreeze glycoproteins from Antarctic fish from the 
family Nothotheniidae. 

PRIEF DESCRIPTTQW HP THE nPaWTwr-c 

Figures lA, IB and ic are transmission light 
^icrographs of ice crystals (i) , in aqueous solution is 
frozen with a cooling rate of 4-c/min on a directional 
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solidification stage, see U.S. Patent 4,531,373. 

Figures 2A, 2B and 2C are scanning electron 
micrographs of liver tissue perfused with 40 mg/ml AFGPs 
(see definitions below) and frozen with a cooling rate of 
5 approximately 4000*C/min. 

Figures 3A, 3B, 3C, 3D and 3E are scanning electron' 
micrographs of frozen liver tissue. 

Fig. 4 (4A to 4D) are photographs of the 
cryopreservation of immature pig oocytes. 
^° ^^9- 5 (5A to 5B) are photographs of the 

cryopreservation of pig embryos at the two-cell stage. 

Fig. 6 (6A, 6B and 6C) are photographs concerned with 
cryopreservation of mouse embryos at the two-cell stage. 

Fig. 7 (7A, 7B and 7C) are photographs showing with 
15 the hypothermic preservation of pig oocytes. 

Figure 8 is a photographic representation of rat liver 
tissue (A7) at a magnification of about x 400. This tissue 
without AFGP treatment was cooled to -35 'C at 21.5'C/min. 
Figure 9 is a photographic representation of rat liver 
20 tissue at a magnification of about x 400. This liver 
tissue was flushed with a Krebs solution containing 20 
mg/ml of AFGP fractions 1-8 (Table 1) at 37 'C prior to 
cooling to -35* at 21.5'C/min. 

Figure 10 is a graph of the bile production from whole 
25 rat liver treated with Krebs solution and Krebs solution 
AFGP as a function of time (see Example 7A) . 

Figure 11 is a graph of the LDH level from whole rat 
liver treated with Krebs solution and Krebs solution and 
AFGP as a function of time (see Example 7A) . 
30 Figure 12 in a graphic representation of the 

percentage of oocytes with normal membrane potential after 
hypothermic exposure for 4 hr at 4'C without and with 
various concentration AFGPs. 

Figure 13 is a graphic representation of the 
35 percentage of oocytes with normal membrane potential after 
hypothermic exposure for 24 hr at 4-C without and with 
various concentrations of AFGPs. 



15 
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As used herein: 

••Abnormal nonphysiological chemical conditions" refers 
to conditions different from the normal physiological 
conditions include, but are not limited to high or lowered 
5 temperature, freezing, excess or limited carbon dioxide 
excess or limited oxygen, excess or limited inorganic 
salts, excess or limited organic compounds, different pH 
values radiation or combinations thereof. 

"Antifreeze proteins" or "antifreeze polypeptides" 
10 ("AFP") or "antifreeze glycoproteins" or "antifreeze 
glycopeptides" (AFGP) " are macromolecules found in the body 
fluids of some animals (e.g. cold blooded) which have the 
commonly known property that they reduce non-colligatively 
the phase transition temperature of water by direct 
interaction with and inhibition of the growth of ice 
crystal nucleii that form at temperatures below the phase 
transition temperature. 

Antifreeze compounds are also known as "thermal 
hysteresis proteins" because while the phase transition 
temperature is apparently depressed during freezing by an 
amount much larger than the colligative effect of the 
molecule, it is not depressed during melting except to the 
extent caused by the colligative effect of the molecule 
Prior to the present invention, this was the only known 
25 property of these antifreeze compounds. (Sources of 
antifreeze peptide (or protein) are described below) . 

"Cryogenic temperatures" refers in the area of 
cryobiology, below O'C to as low as 4K or lower. 

"Hyperthermic" refers to temperatures higher than the 
normal physiological temperature of a cell, tissue, organ, 
plcuit or animal. 

"Hypothermic" refers to temperatures lower than the 
normal physiological temperature of a cell, tissue, organ, 
plant or animal. 

"Optional" or "optionally" refers to the situation in 
Which a component may or may not be present, or where a 
step may or may not be performed, within the scope of the 
invention. 
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invention. 

"Prism planes" refer to another convention to describe 
the growing ice formation on an ice crystal. There exist 
secondary prism planes perpendicular to the a-axes and 
pyramidal planes that project off these planes. 
Crystallography terminology describes these planes in terms' 
of the following pyramidal Miller-Bravais indices: 
Primary prism plane (10 10) 

Secondary prism plane (112 0) 

Pyramidal pane from the 
primary prism plane (2 0 2 1) 

Pyramidal plane from the 
secondary prism plane (i 12 l) 

Ice crystal growth under normal circumstances is along the 
a-axes. ice crystal growth using the AFPs or AFGPs of the 
present invention is altered to be preferred in the 
20 direction of the c-axis. 

For more information, see Peter V. Hobbs (1974) Ice 
Eteiss, Clarendon Press, Oxford, England, Appendix A etc., 
p. 725 ff. 

"Rapid cooling" refers to a technique developed for 

25 long term preservation of cells and biological organs at 
cryogenic temperatures. The rapid cooling is used to 
produce very small, non-damaging ice crystals, see A. 
Trounson, (1986) Fertility and Steriiit-yr Vol. 46, I-12. 

"Vitrification" refers to a technique for long term 

30 preservation of cells and biological organs at cryogenic 
temperatures. The technique involves introduction into the 
biological materials of different cry ©protective compounds 
such as glycerol, dimethylsulf oxide, propylene glycol, etc. 
which depress colligatively the phase transition 

35 temperature for water and increase its temperature. Next, 
the whole cell suspension or organ is rapidly cooled in the 
presence of the cryprotective compounds with the 
expectation that the water in the biological materials 
will remain polymorphous in a glass form and that no 

40 damaging ice crystals will occur. (See Fahy, G.M. et al.. 
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CrYcbioloqy , Vol. 21, 407-426, (1984), W.F., Rail and Rahy, 
G.M. HatUEg, Vol. 313, 573-575, 1985)). 
Sources of Ant'-i f r- eeze Prni-oine 

Antifreeze proteins (AP-which includes AFP and AFGP) 
were found first in the body fluids of marine teleost fish 
which are hypoosomotic, have a blood serum freezing point 
Of -0.7-c, but inhabit the polar ice-laden water. 
(Scholander et al. J. cell r.n^^ p^y..,^, ^ol. 49 5-24" 
1957). The first AP.s were found by DeVries (Doctoral 
Thesis, Stanford, 1968) in Antarctic nototheniid fish. Two 
types Of antifreeze proteins have been isolated from polar 
and temperate fish, glycopeptide and peptides, m studies 
Of fishes with two exceptions, the antifreeze compounds are 
glycopeptides. 

These antifreeze glycopeptides (glycoproteins) are 
present in eight distinct molecular weight classes ranging 
from - 2,500 to 34,000. They generally consist of a 
peptide backbone made-up of repeats of the tripeptide 
alanyl-alanyl-threonyl (the small glycopeptide may replace 
some alanines with proline beginning at position 7, with 
the disaccharide sugar beta-D-galactopyanosyl- (1^3) -2- 
acetamide-2-deoxy-alpha-D galad: .pyranose attached via a 
glycoside linkage to the hydroxyl side chain of each 
threonine (A. DeVries, Science, Vol. 172, 1152-1155, 1971) 

These polypeptide or glycopolypeptides are available 
from a number of natural sources, e.g.: from body fluids 
Of reptiles (e.g. turtles), invertebrates, insects, 
amphxbxans or fish. Preferably, the AFP's are obtained 
from the serum or body fluids of Arct:,. Antarctic, North 
Temperate or South Temperate fish. Mere preferably, the 
serum and fluids of Arctic or Antarctic fish are used, e.g. 
See Table 1 below. 
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TABLE 1 

MOLECU LAR WEIGHTS OF ANTIFREEZTg GLYCQPEPTIDE5 

Antifreeze glycopeptide isolated from the Antarctic 



nototheniidae are fish; 
borcharevinki . 

Antifreeze Glycopeptide 
Fraction No. 

1 
2 
3 
4 
5 
6 
7 
8 



Paaothenia fTrematomus) 



Molecula r Weight rApprov.) 

33,700 
28,800 
21,500 
17,000 
10,500 

7,900 

3,500 

2,600 



Glycopeptide from Dissostichus mawsoni of structure 
Ala-Ala-Thr-Ala-Ala-Thr-Ala-Ala- 



l^AGA 
GAL 



NAGA 
GAL 



^hr-Ala-Ala-Thr-Ala-Ala-Thr-Ala-Ala- 
NAGA NAGA yAGA 

GAL GAL GAL 



25 



30 



35 



The molecular weights of the fractions are essentially 
identical to those of Table 1 above. 

AFGPs isolated from the blood of Antarctic nototheniid 
fish exist in at least 8 sizes depending on the number of 
repeats of the basic glycotripeptide unit, see Table i. 
The molecular weight ranges between 2,600 and 33,700 
(DeVries et al. (1970)) The AFGP's make up 3-4% of the 
blood of the fish and along with the sodium chloride, they 
lower the fish's freezing points below that of seawater. 
The AFTPs inhibit the growth of ice crystals by adsorption 
to the ice crystal (Raymond et al. (1977), DeVries (1984)). 
Adsorption occurs on specific faces of the ice crystal 
(primary prism place (1010)) resulting in inhibition of ice 
growth on these faces (DeVries, 1984), Consequently, in 
solutions of AFGPs, ice crystals grow predominantly on the 



35 
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basal plane (parallel to the c-avi^'i 4- w 
net absor.. ...e ^..^oLTl^^^ T '° 

ice crystals (Raymond et al ,,7,^ ' "•^'^^^""'^^ 

peptide a„ti,re.res f ' 

a -»--e, Arctic or *„ta„tf= Jr%:e%err 

sii.e and composition. Peptides vary in 

These polypeptide are essentially dif fo~-* , 
the repeating tripeptide -alanine-alanite-tZl "'^^ " 
substantially each threonine is joined bvT T" 

.0 linkage to the disaccharid. B-0-,ala^to-tyrl;i! 1!::"'= 
acetainido-2-deoxv-«i«h= ^ -. ^ i'y"nsoyi-(i-3) _ 2- 

«o ^ aeoxy-alpha-galactopyranose. 
The small glycopeptide may also have a 
proline located at positions 7, ^ anV" TT °' 

otherwise structurally the same as the larl . 
5 Generallv t-Ho u glycopeptide. 

^»enerally the higher the molecular weioht 
effectiv^a ie -t-K^ x..^ weignt, the more 

crystaT^^r'alort^:^:!-^^^^^^^^ - P-oti„, ice 

above individually or as ^-5 
purification. factions . , "^""^ ^= ""'^^"'^ 
' molecular weight, ind!: id all'y or as a ''our""' ^ ^""^ 
less effective in preservatil ^ -PParently 

in an' '^iTr '''"""^P'^^" essentially similar 

cpeXnir^orCri, rarircoii?";. 

Hswsoni ,..T. Eastaan, and A-L.TeVrieT 1 L sT\T 

*BSEiSan, vol. 254, 106-114 (isesu ^ ssimlifis 

glyeopeptides have also been isolated T 

hemisphere gadid. the rocK cod ,0^ ^crTnd T'^"' 

oth«: northern cods belonging to ly, J 

(Devries X J n ■ *° the family Gadldae 

(Devries, A.L. Como. T,l.,.y.^^ , 

pp. 611-«1 (1988). All the AFGp's isolated 1 . 

Similar in structure with relatively slu 11 " 
4.w_ «<-j.vexy small changes such as 

the position occupied bv nT-r.Hr,« • ^. 

8 in northern specil ^rdifllr ^^^^P^Ptide 
cod, but .ssentiallv ^^""'^"'^ i" northern 

(1984, Phil Trent . exposition (A.t. DeVries, 

«e polype^ides. «hiie the 
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general polymers of a glycotripeptide unit Ala-Ala-Thr with 
disaccharide linked to the Thr side chain, the peptides are 
quite diverse structurally and vary in size and 
composition. 

5 The antifreeze protein from the winter flounder, 

PseudoTJleuronectes americanus . although having a specific' 
activity similar to that of the larger molecular weight 
glycoproteins, lacks sugars entirely and instead has high 
percentages of hydrophilic amino acids (especially 

10 threonine and Asp) while still retaining a large amount 
(about 60 mol %) of alanine. The flounder protein primary 
structure has clusters of hydrophilic amino acids separated 
by sequences of alanine, (Duman and DeVries (1976) Comp. 
Biochem, Physiol, Vol. 533, 375-380). 

15 Peptides from Winter Flounder 

Asp-Thr-Ala-Ser-Asp- 

Ala-Ala-Ala-Ala-Ala-Ala-Leu-Thr-Ala-Ala-Asp- 
Ala-Ala-Ala-Ala-Ala-Ala-Leu-Thr-Ala-Ala-Asp- 
Ala-Ala-Ala-Ala-Ala-Ala-Ala-Thr-Ala-Ala. 
20 Origins of the Biologically Compatible Substance. 

Peptides from the Antarctic eel pout Rhiaophila 
dearborni 

Peptide No, Molecular Weight 

1,2,3 (three components) 6,900 
25 Asn-Lys-Ser-Val-Val-Ala-Asn-Gln-Leu-Ile-Pro-Ile-Asn-Thr- 
Ala-Leu-Thr-Leu-Ile-Met-Lys-Ala-Glu-Val-Val-Thr-Pro-Met- 
Gly-Ile-Pro-Ala-Glu-Asp-Ile-Pro-Arg-Ile-Ile-Gly-Met-Gln- 

Val-Asn-Arg-Ala-Val-Pro-Leu-Gly-Thr-Tyr-Leu-Met-Pro-Asp- 
Met-Val-Lys-Asn-Tyr-Glu- • 

30 Other fish that produce antifreeze peptides are listed 

in A.L- DeVries, Phil. Froms. R. Soc. London ^ Vol. 304, 
575-588 (1984) such as the Alaskan plaice, Atlantic 
sculpins, Grubby Sculpin (Yang, D.S.C. Nature, Vol. 333, 
232-237, 1988) and the Antarctic Eelpout f Rhiaophila 

35 deayborni) . Recent reviews of the antifreeze proteins in 
fishes can be also found in (Feeney and Burchan (1986), 
Ann . Rev > Biophvs , Biophvs . Chem . , Vol 15, 53-78,) and 
(Davies et al. (1988) Canadian J. Zool . Vol. 66, 2611- 
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2617). 

V.s. Ananthanarayanan, Llfs ch.„i.=trT -^-r-rti Vol 7 
PP. 1-32 (1989), al.o describes source, of antifree L 
protein, particularly Type I, ii and in 

fractions thereof) and others are available upon request 

6i»"l. ' ""^"^-""y °' «"n=i3, orbana, ii 

10 These antifreeze proteins or peptides of the present 

invention nay also be produced by synthetic means. These 
neans delude the use of a peptide synthesizer available 
co^ercially in the art as Model 430A, Applied Biosyste.s. 

15 l^:' t: =p--"o„ ^nuais fo; 

TroL ^sizer are useful. The synthesis 

procedures of j.j. Kestor, et al., U.S. Patent 4,318,905 
and R.B. Herrlfield, U.S. Patent 3,531,258 are spe;ifi;ali; 
incorporated herein by reference and are adapted for t^e 
20 LTTr "-^l-^'-r and Ala-Ala-Ala conpoul 

20 ^scribed above. once the peptide is prepared! the 
threonine residues are optionally bonded to the 
disaccharide by conventional methods. 

The antifreeze protein of the present invention are 
independently selected from the protein themselves, or 
^LTT"' " °' glycoprotein covalently 

»tibodv " Mologically compatible 

antibody gelatin, biocompatible polymer, peptide, sugar, 
or carbohydrate. _Mi=ctures of these antifreeze mlterlaU 
are contemplated and are part of the present invention. 

to those Of ordinary skill in the art are, for example, 
found in K. pubenstein, et al., U.S. Patent 3,817,837 o; 
M ooodm«, et al., u.s. Patent 4,837,305, which are 
5 ZirAT in their 

'^^giftln^nt rw PmiMr-tm,, , r ,nM. r-m-ini in 

to .11 " ""^P^"^'^ "i*^"" this present invention 

to produce compositions wherein the peptides are produced 
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by recombinant DNA technology. The DNA sequences encoding 
these genes have been elucidated. See, for example, A.L. 
DeVries et al. (1971), J. Biol, ch^m. vol. 246, p. 305; Y. 
Lin, et al. (1972), Biochem. Biophvs. po s. Conmun. . Vol. 
5 46, p. 87; D.S.C. Yang et al. (1988), Nature . Vol. 333, p. 
232; Y. Lin (1981), Proc. Natl. Acad. Sn-i . n « ^, vol. 78,' 
p. 2825; P.L. Davies et al. (1982), J. Biol, ghpn. . ^ vol. 
79, p. 335; B. Gourlie et al. (1984), J. Biol. Chprn. ^ vol. 
259, p. 14960; P.L. Davies et al., J. Biol, che>v^. , p. 924I; 

10 G.K. Scott et al. (1986), can. J. Fis h. Amiat. fi^-i . Vol, 
43, p. 1028; G.K. Scott et al. (1988), J. Mol . -Evm ■ ■ Vol. 
27, p. 29. Microinjection of the AFP gene into other 
species has been successful. See for example, z. Zhu et 
al. (1985), Anqew. Icntoyol, Vol. 1, p. 31; Kexue Tonabao 

15 (1986), Vol. 31, p. 988; D. Chourrout et al. (1986), 
fiqu^culture, Vol. 51, p. 143; R.A. Dunhan et al. (1987), 
Traps. Am. Fjsh. Soc, Vol. 116, p. 87; G.L. Fletcher et 
al. (1988), Can. J. Fish Amiat. Sr.i . , vol. 45, p. 352; N.D. 
Maclean et al. (1987), Bio Technology, vol. 5, p. 257; G.W. 

20 Stuart et al. (1988), Development. Vol. 103, p. 403; T. 

McEvoy et al. (1988), Aouaculture . Vol. 68, p. 27; K. Ozato 
et al. (1986), Cell Differ.. Vol. 19, p. 237; T.T. Chen et 
al. (1989), UCLA Symposium on Transg enic Animals ; T.T. Chen 
et al. (1989), Aouaculture; p. Zhang et al. (1989), Mol. 

25 R^prod. Pev.; D.A. Powers et al. (1989), NIH Symposium on 
Tr ansoen ic An ima i g . The general formation of the DNA 
sequences to produce protein is found in the following U.S. 
Patents 4,237,224; 4,708,948; 4,376,071; 4,350,687; 
4,444,760 and 4,722,998. The procedures are adapted to 

30 produce AFPs. All of these references are specifically 
incorporated herein by reference. 

Recently antifreeze proteins (thermal hystersis 
protein) which is useful in the present invention were also 
found in many invertebrates. A list of these invertebrates 

35 is given in Table 2 and 3 with the references, found in the 
tables following immediately after the tables. 
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mgLE_2 

Thermal Hystersis Protein Prn^nni^^ Tn yert^^h^.^^. 



5 A. Insects (minus beetles) . 



Order 
Collembola 
Plecoptera 
1987 

Orthoptera 



Hemiptera 
al. 



Mecoptera 
1980 

Lepidoptera 
1983 



Species 
7 spp. 

Arcynoptervx compaf^^a 



ParcQblata 
Pennsvlvap^na 

Oncopelt us Fascia-hng 



Boreus vestwoQrf7 

Choristoneura 
fumiferana 



B. Coleoptera (Beetles) 
y^^jlY Species 
Tenebrionidae Tenebrio mni^ i^r.-r 



Merac antha contracta 
Uloma iffipressa 
Platvdema sp 
Ampedus lineatiig 
Ampedus sp 
Lepidotus discoideus 
Melanotus sp 
Cucuius clavip pfi 
Dendroa des cana^ g^ngic 



45 Elateridae 



Cue j idae 

Pyrochridae 
1980 



Referenno 
Zettel, 1984 

Gehrken 

and Somme , 

Duman, 1979 

Paterson et 
1981 

Husby and 
Zacharissen, 

Hew et al., 



Reference 

Ramsay, 1964 
Patterson and 
Duman, 1978 

Duman, 1977a 

Duman, 1979 

Duman, 1979 

Duman, 1979 

Duman, 1979 

Duman, 1979 

Duman, 1979 

Diiman, 1979 

Duman, 1979, 
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Lampyridae 

Coccinellidae 

Scolytidae 
Cerambycidae 



21 

Photinus sp 

Coccinella nQvemnoiial^a 

ips ^ctffiinatus 
Phaqj^up jpcpiisitor 



C. Non-*Inspect Arthropods 



Animal 
Spiders 



Centipede 



Species 

Philodromus sp 
Clubiona sp 
Bolyphantes index 

Lithobius forficatus 



Mite 
Duiaan, 



Alaskozetes antarcticus 



Dximan et al . , 
1982 

Diiinan et al . , 
1982 

Gehrken, 1984 

Bremdal and 

Zachariassen, 

1988 



Reference 

Duman, 1979 

Diman, 1979 

Husby and 
Zachariassen, 
1980 

Dxman et al . , 
1982 

Tursman and 

Diman, 

unpublished 

Block and 
1989 



35 Other Invertebrates. 

Mussel tlytlJ-us edutis 



Theede et al . , 
1976 



40 
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-TABLE •> 

ABino Acid compositions of Hepresentative insect T«p.s 



Tenebrio Molitor 



10 



15 



20 



25 



30 



35 



40 



45 



Amino ^ r!-{ j 

Asx 

Thr 

Ser 

Glx 

Pro 

Gly 

Ala 

1/2 Cys 

Val 

Met 

He 

Leu 

Lys 

Arg 

Tyr 

Phe 

His 



%Hydrophilicsf 58.3 40.0 

a Patterson and Duman, 1979 
Table 3 continued 

Tomchaney ^ ^ 1932 
Patterson and Duman, 1982 
Hew et al. , 1981 

Wu and Duman, unpublished 



-1« 


T-4^ 


11.3 


7 T 


11.0 


0 • 0 


14.8 


7 4 


15.3 


8.9 


5.9 


5.9 


7.6 


8.3 


9.6 


14.3 


0.0 


0.0 


7.2 


11.5 


0.0 


4.8 


3.3 


7.1 


3.9 


0.0 


4.8 


6.8 


1.1 


2.6 


1.2 


2.3 


1.5 


3.9 


1.5 


1.9 



I=3f Budworm*^ Carud^nsi 



5.3 
2.3 
11.1 
12.4 
0.0 
11.4 
5.0 
28.0 
2.3 
0.0 
1.0 
2.2 
15.4 
0.0 
0.0 
0.0 
3.1 



46.5 



b 
c 
d 
e 
f 



9.5 




6.0 


17.2 


13.0 


303 


11.0 


5.2 


5.0 


2.6 


15.0 


65 


8.0 


8.4 


6.0 


35.9 


3.0 


L7 


0.0 


0^ 


1.2 


L5 


6.5 


L9 


3.1 


3.4 


8.6 


4.8 


1.0 


3.9 


2.2 


ao 


0.0 


3-9 



50.6 



£5.2 
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SEWEMT. 

in the pres«,t invention using aqueous «tifreeze 
protein compositions, the process of ice freezing in tissue 
xs chenged, and the structural damage to the tissue reduced 
or eliBxnated through modification of the pattern of ice 
crystal growth. This advance is accomplished by modifying 

^ °' ™' <«i»9 novel 

compos.txons, e.g., peptides or glyco^.p-.ides from Arctic 
or tatarctic fish or other sources. The effect of the 

30 °" Pattern in aguecus 

30 solutions IS docum«,ted extensively as cited above The 
different antifreeze proteins from different sources adsorb 

tllt^f ' ""freeze protein 

inhibit ice crystal growth parallel to the a-axes 

35 ^'T'^''^^'' Pr.t.rr^ direction of growth. Ereezin; 
in the presence of any kind of antifreeze protean 
jariably leads to ice crystals forming in the directic 
Of the c-axis. The ice crystals grow in the form oi 
spicules (spikelike structures) . These small micron and 
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sxibmicron scale spicular structures are stable and entrap 
between them the solutes that are rejected during formation 
of ice. 

SOLUTXON PREpftPATXON 
5 The aqueous solution AFP or APGP compositions are 

prepared by any nxamber of methods. Water (usually sterile)' 
is contacted with AFP of AFGP and mixed to produce a 
solution of between cQDOUt 0.1 and 100 mg/ml solute in 
water. Usually the antifreeze protein saturates in water 

10 in concentrations greater than e^Dout 100 mg/ml. 
Preferably, a solution of between about 1 and 60 mg AP/ml 
is produced, especically between about 20 to 40 mg/ml. The 
aqueous phase may also contain salts, sugars, ions 
nutrients (e.g. Krebs solution) and mixtures thereof in 

15 concentrations known in the art to be useful for preserving 
biological agents. The aqueous phase may also contain 
other materials, e.g. glycerol, etc., which are useful in 
the preservation of tissue, cell membrane, etc. 

For use in organ transplantation and the like, sterile 

20 conditions and solutions must be used. The solutions may 
be prepared using sterile materials and sterile conditions. 
Also the solutions may be sterilized by methods known in 
the art, e.g. brief exposure to cobalt-60 radiation. 

TISSUE PRESgfiVATION 

25 To illustrate the effect of AFPs on the ice crystal 

structure, experimental results of the present invention 
are presented from earlier research in which the freezing 
pattern in a physiological saline solution is compared to 
the freezing pattern in a physiological solution with the 

30 addition of between about 1-100 mg/ml preferably about 40 
mg/ml of antifreeze glycopeptides from Antarctic 
nototheniindae fish (Table 1) . In this comparison, samples 
are frozen under controlled thermal conditions on a 
directional solidification stage. The directional 

35 solidification stage, described in greater detail in U.S. 
Patent 4,531,373 is an apparatus capable of freezing 
solutions or tissue samples with uniform cooling rates, 
between predetermined temperatures. The apparatus is used 
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in conjunction with a light microseop. to produce result, 
shown in Figures ia m .-/i ,. . "suits 

spicular growth in the ' strate the 

glycoproteins """"^^ °' 

' solut°"' °' invention is to perfuse 

solutions containing antifreeze proteins through the 
vasculature of an organ. „pon freezing, the ice ^stat 
that for» will be s»all, spicular ana win entZ the 
solutes present. Consequently the cells will n^t he 
10 e:cposed to high saline concentrations and t^e h • 

eiiecc will be demonstrated with d«faii.j 
results *v ^. detailed experimental 

results using the directional stage and scanning electron 
microscope in Figures 2A 2B .-j electron 
IS 3E. ' ^"'^ ^""^ 3C, 3D and 

It was formerly observed that cells, tissue or oraan. 
nay not survive freezing with rapid cooling or ZZ121 

- :rr'd ^ vitiifUfo r 

"lution • Observation that, at times, a 

solution IS considered to be vitrified if it remains 

iz^rzT'T' ^= tempera:::: 

However, the property of transparency is only an indication 
that the ice crystals are either too small or too few t^ 
al":"t T ""rification is on^^ 

:^hni!: ■ by 

° :r:iLr"^-'^- - - -Tedtrvrfereii" 

Which may serve as a nucleation site. The antifreeze 
glycopeptides and peptides inhihlc "tilreeze 
crvst.1. • . . ^ inhibit the growth of ice 

5 :^e: : "9"^"=«>"y reduce the size of the crystals 

^^Ltion Of °' ='^»P««"ation by preventing the 

formation of ice crystals on the cell membrane or by 
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reducing the size of these ice crystals. 

The effectiveness of the antifreeze proteins (in 
vitrification) was evaluated on the cryopreservation of 
immature pig oocytes, two-cell stage pig embryos and mouse 
5 embryos, at the two-cell stage frozen by rapid cooling and 
"apparent vitrification." Pig oocytes and pig embryos at: 
the two-cell stage were chosen because they present a very 
challenging model for which no successful cryopreservation 
has been heretofore achieved. In fact, pig oocytes and 
10 early-stage pig embryos usually cannot survive exposure to 
temperatures as high as 10 'C for even brief time periods. 

The probability of ice crystal nucleation during 
cooling is an inverse function of viscosity and temperature 
and a direct function of volume (D. Turnbull, 1969). In 
15 cryopreservation by rapid cooling, attempts are made to 
reduce the probability for nucleation by increasing the 
solution viscosity and by reducing the phase transition 
temperature through an increase in the concentration of 
various cryoprotectants . However, higher concentrations of 
20 cryoprotectants have a damaging effect on biological 
materials and, therefore, a proper balance must be found 
between a concentration that is sufficiently high to 
suppress nucleation and sufficiently low to avoid damaging 
the fragile cells. 
25 These experiments were performed by exposing droplets 

of different size and composition to a variety of cooling 
rates on a special experimental system developed by B. 
Rubinsky, U.S. Patent 4,531,373. Rapid cooling, as well 
as rapid warming of samples, was performed using a Leitz 
30 Diaplan microscope to which a special directional stage was 
attached (A. Arav et al., 1990; B. Rubinsky, 1985; B. 
Rubinsky et al., 1985). The stage allows accurate control 
of cooling and warming rates between predetermined 
temperatures particularly as it is applied to vitrification 
35 and freezing by rapid cooling. A video camera was used in 
conjunction with the microscope to evaluate the morphology 
of the cells and the physical state of the solution. 

An "apparent vitrification solution", (AVS) was useful 
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CFetal calf sa«B, (oLoo sl« T ' ' ^« 

= ".4 Vv BSA (Bovin. s.ru» MbL T""'"'" 

cf the AVS sozuticn were cocleraT^e TT " ^^'^^^ 
" (the highest rate possible lll t^W 

caticn stage, to a te»perarr?oT -X3rc 71 

lower than the glass fo™.*- temperature 

solution, no ice ' " ^his 

-Lwe crystals were observo^q 

microscope at 340X magnification. To in^! . ""'^ 
Of volume and solute concentration 

Observed with all droplets of^H ^ ""^"^^^ ""^ 

O.S «1, and With III „\ ' than 
propylene glycol and a.s" gr^oe^^w"^ 
=/»ln. NO apparent dev'trlTic " °" 
» '^on Of ice crystals wa l::^:,^'^^^ 

AVS solution larger than o.s „1 27-^^ °' ^""^ 
aroplets containing u 5% ! " , "1 

9iy=.rol When cooled 1; i ^oT !"' 7^°' 
devitrification fi . ' C/»in., ko apparent 

' Observed when the ;am;ies wereTl^t 

devitrification was observed In som^ T""' 
to room temperatures ev^ w^^ ^ 'T'' "-"^"^ -"^^ 
1.700- c/min. .h, addition rj^ . T;i,r ""^ 
solution did not preclud. »h = or AFP-s was the AVS 

Of devitrificatiorrft" -a ™ occurrence 

was the basic solCttrusernTe e^illt ' 

to evaluate the effects of ^^^^^^^nt are reported 

used droplets larger LTTs!" 

Vitrification" droplets of o.iml jn 1 

studies, only results fro™ . , ^T' vitrification 

devitrification we« .J":.,!"""^ ""^^ undergo 
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Evaluation of Cryoprotective Properties of AFP G & AFP 
in Oocytes and Embryos 

To evaluate the cryoprotective properties of the 
5 AFGP^s and the AFP's, immature pig oocytes, two-cell stage 
pig embryos and two-cell stage mouse embryos were 
introduced into either 0.1 ml droplets for vitrification', 
or droplets larger than 0.5 ml for freezing with rapid 
cooling of AVS with, and without, AFGP or AFP. These 
10 droplets were cooled on the directional stage under 
microscope observation at the rate of 1,700* C/min to -130' 
C. After 15 minutes at these temperatures, the samples 
were warmed at the rate of 1,700' C/min to room 
temperature. The survival of the embryos and oocytes was 
15 evaluated by in vitro culture followed by morphological and 
development analysis. Control experiments were performed 
by exposing embryos and oocytes to the different solutions 
in protocols identical to the rapid cooling experiments, 
but without cooling and warming, and evaluating their 
20 viability. The glycopeptides used in this work were 
obtained from Antarctic fish belonging to the family 
Nototheniidae (Dissostichus Mawsoni) (Table 1) . A 
physiological composition was used which consists of one 
part of fraction 1 to 5 (high molecular weights) and two 
25 parts of fraction 7 and 8 (lower molecular weights) as 
obtained form A. DeVries, University of Illinois. 
Fractions 1-5 are obtianed as a mixture, and fraction 7-8 
are obtained as a mixture. Experiments were performed with 
solution concentrations of 40 mg/ml glycopeptides. PBS is 
30 a standard buffered solution. This particular value was 
chosen because studies have shown that the depression of 
the freezing point of aqueous solutions of antifreeze 
glycoproteins is concentration-dependent and at these 
concentrations, it reaches saturation. A.L. DeVries, 
35 (1988). 

After the cryoprotective properties of the AFGP's were 
esteODlished, parametric studies were performed with two- 
cell stage mouse embryos to determine the effect of 
concentration on the survival of the embryos. This animal 
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30 



model was chosen for parametrir o 

proved extremely senLTe ,0 T^^^"^"^^ ^^-^e it 
glycopeptides. While no survival of In ^"^"^ °' 
Without the glycopeptides (0" verrh"^": ^^^'^^^ 
embryos was obtained with th J ' survival of 

Vitro .„e.op..„t to t^e ^astj^rX^^^ 

the parametric studies are lUtJ "^^^ils of 

«^ri„«tal procedures ,or pi, ootte3 aVoT^ " ^ 
found in Example 4 below and J enbryos are 

Example 5. ' ^ ^^-T-o^ found i„ 

Table 4 lis-fcc 4.^^ 

results o-F -hK 
=«»Ples 3 and 4 below, startin, witT thr"""'"^^ 
followed by Pig embryos and mouse 
Shows the solutions i„ «,ich tl! .^f^ ^""^ " 
were tested. ^"^"^ ^■"S «ie oocytes 
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The protocol to which the cells were «vr,« ^ • 
one described earlier in which the .^^11%:^::! 

3 not .rr;r~ :^:r:^^^- - 

effect. The results .r-^ controls for the solution 

ratio .et„e jr„^ T^J. "T"' " 

MTT oocytes which reached th^ wt 

Mil stage after in vitro naturatlon and »h ^1 
Of oocytes eraosed *k t°tal „ui,4.er 

0 Pig e Jryos T is Z \ ''''''"^"^^ • Per the 

taat rea^Ja 4e forceU sUVr " ^^^^ 

an. the total n^er of^;\Te;::eVtVl" 
protocol. For the „ouse eZryortt is th T "^"^^^ 
the „™.er of e^ryos that Tacked ^Le m" " 
^ over the total „u^er of e" e^o'er^VT 
experi^nental protocol. The n^bers Tn the ^ w 
ratio expressed as percentage. ^'"^ 

The experiments with pig oocytes r,i„ w 
mouse «.bryos exposed to the lvs72l' ^"^ 

Microscopic examinal cryogenic temperatures. 

w*<-opic exajninatxon revealed that » 

damage following rapid cooling in tte ^ °' 
oolemma in the case of oocytes L th !. " "'^ 

*or embryos which did not ^'irlf t"^"" ^""^ 
in the Figures .soed.l, '""^^^^ as illustrated 

However, in^he' presence f t"e 

that were rapidly 'frororvitrifili^tft'- ""^ 
Shown in Table 4. "rified retained viability as 

.or o^cy^rir/Lr.-r-^r '1^- — 

».mbrane potential viability at co^f . 
»,/.l Of .FCPs is found in Figut iT f^^""^ 
values are mean + one stands^, V • " " 

one standard deviation. Each exp. group 
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consists of 5 oocytes and n represents the number of 
groups . 

In particular, as described in experiment 3, the cell 
membrane was protected by the glycopeptides . 
5 UTILITY 

It is apparent from the disclosure herein that the AFP ' 
and AFPG aqueous composition of the present invention is 
useful in cell preservation, membrane preservation, tissue 
preservation, organ preservation or in whole plant or whole 

10 animal preservation. 

In general, the antifreeze proteins have the property 
that they noncolligatively lower the apparent freezing 
point of aqueous solution resulting in a freezing 
temperature that is lower than the melting temperature. 

15 They also have the general property that they inhibit or 
restrict growth on different facets of ice crystals while 
allowing the growth along the c-axis. Until now it was not 
know that these proteins can be also use to interact with 
other proteins, and, in particular, protein on the surface 

20 of cell membrane and to protect the structural integrity of 
the membrane and stop leakage through the membrane and 
block ion channels . This is the first time that these 
properties and its applications are observed and are 
described as part of this invention. 

25 EFFECT OF THE AFGP'S ON THE CE LL MEMBRANE 

Initially, the effect of the antifreeze proteins on 
modification of ice crystal growth focused on the use of 
this property in preservation of cells, tissue, organs and 
whole animals at temperatures below freezing. However, in 

3 0 studies described above and experiments such as Examples 1 
and 4 (also Table 4), in which the morphology of cell 
membranes was evaluated, it appeared consistently that the 
antifreeze proteins provide complete protection to the 
morphology of the membrane and its structural integrity. 

35 Therefore, a procedure was developed to determine if the 
antifreeze proteins protect by interacting directly with 
cell membranes, and contacting the protein directly to cell 
membranes . 
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Pig oocytes were chosen 
this stua. because these 000^3 ^ ^'T^' ""'^^ ^" 
and cannot survive exDosur. Z t ^^P^'""" sensitive 
high as lo-c i . ' temperatures as 

S Phase transit;ort-e„;ert~erX:" n"'''- ^ 
designed in „.ic. the effect cf ie ^p'.s on^™ 
studied at temperatures higher Zn Z ° 
temperature, but lower than ? ' transition 

X. a protective e^ect " ^^r^^ r"^-— ' 

- P«hahX. not directi. relate; tTthe Lut^ th 
compound to modify ice c7-v=*-=.i ^ aoixity of tht 

crystal formatio^ ^ ' « ^'-i"* « 

The oocytes were introduced in diff -=„t solution, , 
standard buffer PBS solution with anti 
5 tFractions 1-5, Table 1) fro//- ^^^^"P^tein. 
Hototheniidae. They wtre Lt In " '^""^ 
environment for varioT period of T " 

was also determined by microscope evaluation. 

To establish a criteria for an int..^ , 

z'j^iT^ srr «: batr 
cocoes ::^:rureTa:T.r ~ - - 

electrical potential, u, and the standard ^vi'tion T 
Devries, supra. ^'^'^^^"^^ A- 



DeVries, supra. 
30 Table 4 



35 



Table 4 above summarizes the results deriv^r. 

to hive Ti^L: °' considered 

used 7 f *° ^"^ "™ter Of oocytes 

used for each experimental condition (th» , „ '^^^ 
brackets is the ratio f„ (the number in the 

concentration.^.! Percentage,) to; dif fere, c 

concentrations of the AFGP.s and different ti,. .3 at 40-c 

llttir!ffe!r"r ^^y-r ^tldes nave 

effect on the resting potential of ea . oocyte. To 
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determine the integrity of the oolema, two statistical 
criteria were established, one less stringent than the 
other. The oolema in an oocyte was considered to be intact 
if the absolute value of the measured resting potential 
5 difference, was higher than the absolute value of either 
{ui-jvj or !uM2vi. 

The results from evaluating the structural integrity 
of the oolema are consistent with the electrical potential 
measurement and are illustrated by Figures 7A, 7B, and 7C. 

10 The results clearly show that the membrane is preserved 
morphologically intact in the presence of the 
glycopeptides. Furthermore, ion leakage that is probably 
the most prevalent cause of damage during hypothermic 
exposure is significantly inhibited in the presence of the 

15 antifreeze proteins. This implies that the antifreeze 
proteins have the ability to protect cell membranes at 
hypothermic temperatures and to block ion channels. The 
evidence of the use of this new discovery in hypothermic 
preservation of cells and organs are given below in 

20 Examples 6 and 7, respectively. 

It is emphasized that prior to this research it was 
not known that antifreeze proteins have the useful 
properties of preserving cell membranes and blocking ion 
channels. 

25 WHOLE ORGAN PRESERVATION 

Cryopreservation of a whole organ, e.g. liver from a 
mammal, such as a rat, is described in Examples 2, 7 and 7 A 
below. The organ is surgically removed, held in a 
preservation solution at 20-37 'C, preferably 24 'C. A major 

30 blood vessel is cannulated. The well*-known Langendorf 
perfusion system (with a first bottle containing, for 
example, Krebs solution and antifreeze polypeptides in a 
Img/ml to 100 mg/ml) is used. See, for example, D.E. Pegg 
et al. (1986), Cryobiolocyy . Vol. 23, pp. 150-160. 

35 A second bottle of solution contains a physiologically 

compatible saline solution and appropriate quantities of 
glycerol, dimethyl sulfoxide, ethylene glycol, polyvinyl 
pyrrolidone, glucose etc. or mixtures of these sxibstances 
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Which are ]cnown as protectants for cells of , 
origin. ^^^^^ of biological 

These two bottles of solutions ar-. 
fixing valve having ^own adjustahTe fll^ raTT '° ^ 
^ to 10 .i/.i„, preferably about 5 T/lin In/a" ^'^ 
accurately vary the flow rate and .rxTna . '° 
contents immediately prior to perf ^ 

using the solutions of bottles 1 and . P^^^^ion 
art as described by o.E. Pegg et T'L'T'''^ 
10 kidney and G.N. Alink et al. (1975" I ' ""^^'^ 

pp. 295-.304; (1977) Crvob7« SO^Sfelology, Vol. 13, 

399-408; and n978^ Vt^^k- ' '*°5-417 and 

" Cryobiologv. vol is; « 

K.E.F. Hobbs et al ^^I^TTT^ . ^^d 

ai. (1969), Cryobioiogy voi « 

245 for heart. The Krebs so^^~~f^J . ' '''' 
■5 organ held at about 20-37-0 at a rat . ""^"""^^ 
The mixing switch provides ttel J'T ' 
Krebs solution and .XycLol so.u - 
lengths controlled by the computer, for exampL" ''"^ 
to 0.1 sec. The two solutions mix in tbeTf ' 
0 in a special mixing chamber, "''""^ '"^^ °^ 

The antifreeze protein/Krebs solution • • • 
adjusted so that at the end of \y. ^^nitially 

concentration of between Cl LTo 'Tr'"" ^ 
blood vessel space in i.ho ^ ^^""^ achieved in 

within the cells o( the liver or thl I,o / 
AFPs too hi^in ril T"''' • '"^ 

significantly penetrate the cell :ltan; T " ""'''^ *° 
liver, is n«a placed in a coolina sta~ Z"^'"' 
B.S. Patent 4,531,373 and . described in 

and the temneratnT-ia 
perfused organ is then cooled at a rate oTl-/ "^"'^ 
to -32-c or to -70- or until -iso-c is realh . 
Is then cooled as needed using a li„^L ! 
»r in liguid heliu. to 4K ai^d held a^ '° '"^'^ 

an Indefinite ti,.e (e a 7, LT J. ^^-P^^ture for 

carefully thawed by iLr!' ■ 
e.g. water or sail T" "t" ^ " 

10-= per „in. .prefe^^bry b^ 1 -"c p'T 

our 1 c per mm.) using known 
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techniques up to 37 "C maximum. Alternatively, carefully 
controlled microwave heating is used to thaw the perfused 
organ, e.g. liver. When the thawed organ (liver) reaches 
about O'C, the nutrient solution of Krebs is perfused 
5 through the large cannulated blood vessel. When warmed to 
about 20 to 37 'C, preferably 37 'C, the thawed organ 
recovers not only cell function, but also organ function. 
Preserved tissue samples are taken as needed. 

A systematic study of the effects of the AFGP on rat 

10 liver cold-storage was done to compare control storage 
solutions and solutions containing the AFGP (see Example 
7A) . The results obtained are compared for three different 
storage periods, 6, 12 and 24 hr. The functional tests 
include the production of bile and enzymatic activities of 

15 lactic dehydrogenase (LDH) . The Krebs solution is selected 
as the control solution. The reason for this selection is 
to separate the protective qualities of other storage 
solutions from the effects of the AFGP. 

Useful mammalian organs include liver, kidney, heart, 

20 brain, lung, pancreas, spleen, ovary, stomach and the like. 
The organ of a mammal, such as a human being, is preferred - 
PRESERVATION OF A WHOLE MAMMAL 

The cryopreservation of a whole mammal, e.g. rat, 
hviman, is adapted from Examples 1, 2, 7 and 7 A below. An 
25 adult mammal, e.g. rat, is anesthetized and the carotid 
vein or aorta is cannulated. 

The computer controlled mixing switch provides 
intermediate amounts of Solution 1 (Krebs/antifreeze 
protein) , and solution 2 (glycerol/saline solution) bursts 
30 of time lengths controlled by the computer, for example 
0.01 sec. to 0.1 sec. to 1 sec. time lengths. The two 
solutions mix in the delivery tube or optionally in 
specially provided mixing chamber. 

A Krebs solution is first perfused briefly through the 
35 mammal. Heparin about 1,000 to 3,000 units is added to 
inhibit blood clotting. 

A solution known as a cryopreservative for cells, such 
as glycerol in saline, is perfused through the organ using 
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the mixing switch arrangement described herein 

optionally, blood substitutes such as the University 
Of Wisconsin solution or Euro-Collins solution are added to 
the perfusion solution. The rat is then perfused with a 
5 solution of antifreeze polypeptide (e.g. Example i) at a 
rate Of o.l to lo ml/min for 20 min. The body temperature'" 
Of the mammal is lowered to less than 2-c. The mammal is 
then cooled from the exterior to the interior at a rate of 
0.1 to 10-c/min. ® °^ 

10 The mammal is then cooled to -SO'C or to -iso'C or to 

4K and held at this temperature for an indefinite period 
e.g. 7 days or 7 months. The frozen mammal is then 

about 0 c m the presence of oxygen/nitrogen (20/80; v/v) 
15 A nutrient blood substitute, e.g. heparin, (about 1,00^ 
units) at o-C is perfused through the mazraaal via the 
carotid vein, the mammal is warmed to its normal biological 
temperature. Tissue function, organ function and whole 
animal function is recovered. 

2° PPEgERVftTTON OP rv^J.l^ ^xrp TTSfiTTP 2.^ 

TEMPERATTTP ES BET.nW fpijiT??^ 

The cryopreservation is demonstrated in cells e g 
human ooytes, pig oocytes, embryos, human or leucocytes,' 

-5 platelets, e.g. pancreatic islets, hepatocyles, corneas, 
skin, see examples 4 and 5. Various cryoprotective agents 
such as glycerol, propylene glycol are introduced in the 
cell together with the antifreeze proteins essentially as 
described in Examples 3, 4 and 5. The different solutions 

10 Of cryoprotective agents are chosen to either produce 
freezing or vitrification such as 5M propylene glycol. The 
cells or tissues are then cooled rapidly to either produce 
freezing or vitrification with cooling rates of e.g. 1750 
C/mm or as high as required to temperatures of -130'C to 

21%"^' temperatures for an 
indefinite period. The cells or tissue are then carefully 
thawed, cell function and tissue function is recovered 
PRESERVATTON OF opr,>r py p.pm ........ 

The procedure is the same as described in the whole 
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organ preservation section except that the concentration of 
the cryoprotectant is taken to a high level, such as 5M 
propyleneglycol , and the cooling rates are high enough, 
such as 1,750'C/min, to produce either rapid freezing or 
5 vitrification as desired as opposed to slow freezing in the 
earlier application. The use of antifreeze proteins il 
essential for the successful preservation of organ tissue 
by vitrification. 

PRESERVATION OF WHOLE MAMMALS 
10 BY RAPID FREEZING OR VITRIFICATION 

Again, the procedure is substantially identical for 
preservation of whole mammals by slow freezing except that 
high concentrations of cryoprotective agents are used 5M 
15 propylene glycol and high cooling rates, e.g. 1750"C/min, 
the perfusion with antifreeze glycoprotein is essential for 
preservation. The examples are found in the text below. 
HYPOTHERMIC PRESERVATION OF CELLS 
The procedure of Example 6 is followed except that 
20 liver cells are first contacted with aqueous AFGP solution. 
These cells survive the cooling and are viable upon careful 
warming to physiological temperatures . 

HYPOTHERMIC PRESERVATION OF ORGANS IN COLD STORAGE 
The procedure of Example 6 is followed except that an 
25 organ, e.g., liver or heart is contacted with the aqueous 
AFGP solution. This organ survives the cooling and is 
viable upon careful warming to physiological temperatures. 

HYPOTERMIC PRESERVATION OF ORGAN 
30 BY CONTINUOUS PERFUSION 

Example 7 is repeated except that the blood containing 

the antifreeze glycoprotein is continuously perfused 

through the organ. 

35 HYPOTHERMIC PRESERVAT ION OF WHOLE MAMMALS 

BY COLD STORAGE 

The procedure of Exeunple 7 or 7A is followed, except 
that the perfusion is applied to a whole mammal. 

40 HYPOTHERMIC PRESERVATION OF 

WHOLE MAMMALS BY CONTINUING PERFUSION 



This embodiment is essentially identical to the above 
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preservation except that a blood substitute cont.. • 
antifreeze protein is also ^ ^- ^^""^^ containing the 
the animal. continuously perfused through 

Example 6 is repeated with i-h^ 

tissue, organs, »amnals where it is desir ' 
10 from hyperthermic damage. ^ 

» that nr;;irrrohri=rrro:r ^ r--- 

carbon dioxide is present. ^"^^"""ent such as high 

PRESERVArrrn^ r.. ^^^^ 

Cell membranes are brouaht •ir.+.« 
^=.i«U. oapatih. so.tiori4"rire?e ^l^T'- 

various macromolecules are artifi^^^n 
antifreeze «r.«*.«.^ . artificially attached to 

antaxreeze protein and than introduced in r.^^^ 
tissue, organs or "^^^oauced m cell suspension, 

' "*^ans, or Whole mammals ^T^>^a »«4.i* 
"tach then to cell membranes ^ ^^Z llT"' r'*'" 
' in the Vicinity o, the cell membrant ^ 

The folio WSTTFT Tn,, nr.:Eiig_EisBm 

n»«rid"ir\rrfarrn tz^i - - - 

structLTo, ice T '^'"'"''^ 

saline soluti^ i^ 1 ^Z.lT'^l ' Physiological 

igure ic shows spicular structure of ice 
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crystals 13 (i), during freezing of a physiological saline 
solution with 40 mg/ml AFPs. The scale bar 14 shown in 
Figures lA, IB and IC is 50 micrometer. 

Figures lA; IB and IC show the ice crystal morphology 
5 in aqueous solutions frozen with a cooling rate of 4' 
C/min on the directional solidification stage. Figures lA' 
and IB show a well-known sequence of events during freezing 
of saline solutions. In saline solutions, ice forms and 
grows on the prism plane of the ice crystal, forming wide 

10 macroscopically smooth surfaces (Fig. lA) . During freez- 
ing, the ice rejects the solute which accumulates at the 
ice-water interface. The increased concentration of salts 
causes a colligative decrease in the change of phase 
temperature on the interface and lead, through the well- 

15 known phenomenon of constitutive supercooling instability, 
to the transformation of the ice crystal morphology from a 
planar structure to a dendritic one as shown in Figure IB. 
However, Figure IC shows ^hat the ice crystal growth 
pattern in the presence of antifreeze glycoproteins (40mg/- 

20 ml) is very different. Figure IC shows spicular (spike- 
like) ice crystals much smaller in dimensions from the 
dendritic ice crystals seen in Figure IB. The antifreeze 
glycoproteins ice structure is spicular from the onset of 
the freezing process. Using polarized light, it is shown 

25 that the spicular ice crystals grow in the direction of the 
c-axis. The small spicular ice crystals incorporate 
between them, the AFPs and the other solutes in the solu- 
tion. Figures lA, IB and IC show that the incorporation of 
the solutes stabilizes the spicular ice growth along the c- 

30 axis. It is observed that in the presence of antifreeze 
glycoproteins the ice crystals are very small. The saline 
solution is incorporated between the submicron size ice 
spicules. Therefore, the salt solution does not concen- 
trate significantly to produce a significant change in 

35 chemical potential. As a result, in organs water does not 
migrate from the surrounding cells dehydrating, expanding 
the blood vessels, and collapsing these cells. 
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Flonr.s :>t, -p 

Which"''""/ ^ ""te arrows 2a 

til '"""^ longitudnaxiy an. transversely sec 

5 Mi l " ' ""'^ -"i-l" ice crystals 

5 All the spicular ioe crystals are oriented in t^. 

general direction, structurally intact hZtocy^e sT 
round the sinusoids. The round nucleus is evidirin 

^untdT"" " '-'"^^ a ::rdot 2? 

Rounded ice crystals are observed in all the cells. 

Figure 2C shows higher magnification of the sole,, 

15 10 micrometer. "'^ 
FicrurP,s -^a , 

Figure 3A shows normal liver ti<==„« * 

cooling rate of 4.c/Bin o« 7 ^"""^^^ ^^^^ ^ 

y aT:e of 4 c/min on a directional solidification 
stage, as described hereinabove cont^«„ ication 
20 crystal.! . . Continuous, smooth ice 

g.co:^:rdr<r-jrwhra™^^^ 
ricUr ^i/n - 

through a lar,e ^lo^ZZl Ti^, T 
crystals „ confined withi^'^^ To d^rserr^r 
surface of the blood vessel is „arred ly de JV to^a 
during the fracture., The outline of bo JikeTe ' T 
'0 34 (h) fractured along the 7 hepatocytes 

arrows 35 The di J "ambrane is marked by 

rows 35. The dimensions and the shape of the h.,,-* » 
are typical to that of normal hepatoc^el 

glycopipuLra::^: ^-^-^^ antifree.e 

9 y opeptides and frozen with a cooling rate of 4-e/mir, 

5 a directional solidification stage. The £r,=!,! 

the cell membrane, with cells rived a t " 

leaving behind stair-like arrano^r . ^^^^'"^■^ '<"™ 

outline Of box-like no™, " ""^^^ " ' 

like, normal size hepatocytes (h, is shown 



wo 91/10361 



PCr/US91/00351 



43 

by the black arrows 37. 

Figure 3E shows normal liver tissue frozen with a 
cooling rate of approximately 4000"C/min, and fractured 
along the cell membrane. The cells are removed in a 
5 staggered form leaving behind stair-like arranged, normal 
size, box-like hepatocytes 38 (h) , shown by arrows. The^ 
bile duct 39 (bd) (cannaculus) has been preserved intact. 

The scale bar 40 shown Figure 3A to 3E is 10 micrometer. 
Figures 4A. 4B and 4C 

10 Figure 4 includes photographs concerned with the cryo- 

preservation of immature pig oocytes. 

Fig. 4A shows one pig oocyte in a transparent droplet 
during cooling to -130 • c. The dark circular rim of the 
droplet is shown - 

15 Fig. 4B shows a pig oocyte after rapid cooling to - 

130* C in the AVS solution following 44 hours in vitro 
culture and stained. The cytoplasm is completely degener- 
ated and the oolemma is not intact. 

Fig. 4B illustrates the appearance of an oocyte that 

20 was not considered viable after rapid cooling in the AVS 
solution. The photograph shows an oocyte in which the 
membrane (oolemma) is not intact and no nuclear details are 
visible. 

Fig. 4C shows an oocyte that survived rapid cooling to 
25 cryogenic temperatures in an AVS solution with AFGP and 
consequently underwent in culture nuclear maturation to the 
Mil stage. It must be emphasized that this is the first 
time any method has been developed under any conditions in 
which pig oocytes survive amd develop in vitro after 
30 exposure to cryogenic temperatures. 

Fig. 4C shows the appearance of an oocyte that reached 
the Mil stage after rapid cooling to -13 0' C. The nuclear 
development stage is evident. 

Fig. 4D shows a pig oocyte after rapid cooling to - 
35 130* C in the AVS solution with antifreeze glycoproteins 
like in Table 1 (40g/ml showing a normal morphology but no 
nuclear maturation (g.v. stage) after 44 hours of inciiba- 
tion: intact oolemma, intact g.v. membrane, normal cyto- 
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plasm morphology (the bottom of the photograph shows some 
cummulus cells,. The scale bar ,or n,. 4 ^s so Z 



Fig. 4D Shows an oocyte cooled rapidly in th. ixrc 

s ::ir:rahr:" " - tL:: 

ered viable because it not uhdergo nuclear maturation 
(remained at the g.v. stage) . Nevertheless it 1^" . ^ 
-at the ens Show a normal .orpholo^^lVa: .^tt 
ool^a and an intact g.v. membrane. The intact appealed 
ot ^e oolemma in Pig. 4D is typical to all oocytes co'ec 

4B, for an illustration of the effect of the afgp ThL 
s.t Of e:<periments clearly demonstrates that the AFGP ha" 
a cryoprotective effect, which is associated ^ -h ret! 
the integrity of the cell membrane when e^osed TZZ 
15 temperature conditions. severe 
Figures ^i. 

Fig 5 includes photographs concerned with cryopreserv- 

0:;^: 5 ' " The'sL nir 

tor Fig. 5 IS 50 /im. 

" -130 • 'c' in "^'^^ '^"^ "'""^ tc 

130 Cm the AVS solution and 2^ ir, ^« u ^ 

complete disintegration of the membrane Ts rv^tn:""- 

cultu^^'a« °* - Pi9 «.bryo that 'was 

cultured after rapid cooling in the AVS solution. The cell 
^5 IS obviously not viable and the disintegration of th^ 
blastomere membrane is complete. 

from ri'^ ^ "^S-e embryo developed 

from a two-eell stage embryo after rapid cooling to -i30-c 

aevelop. The sc^^rtrZ s" irsT:^ " '^"^^ 

after «'oid'LT" ' "^^^ "'^ ^^a?- 

35 " v^*. ,? ' " "i'h APGP and after 

survive" Te "'''""^'^ '^^^ ^"'^ ^" 

survived the e:<posure to cryogenic temperatures and devel 

oped ih a normal way, in vitro. Again, this the fl t 
report of a method for successful cryoprese.- .5 on of p 
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embryos at the two-cell state. 

Additional important information can be seen in Fig. 
5B. The upper right hand side of the photograph shows a 
pig embryo that remained at the two-cell stage, i.e., it 
5 did not survive rapid cooling according to our criteria. 
Nevertheless, the clear integrity of the blastomere mem-* 
brane is noted and compared to the appearance of the 
disintegrated membrane in Fig. 5A. 
Figure 6A. 6B and 6C 
10 Fig. 6 includes photographs concerned with cryopreser- 

vation of mouse embryos at the two-cell stage. The scale 
bar for Fig. 6 is 50 ^m. 

Fig. 6A shows one mouse embryo in a transparent 
droplet during cooling to -130* C in the AVS solution after 
15 72 hours incubation. 

Fig. 6B shows one of the embryos remained at the two- 
cell stage with shrunken blastomere which implies membrane 
damage. In the second embryo, the blastomere membranes 
have disintegrated completely; 
20 Fig. 63 illustrates the appearance of mouse embryos 

that did not survive rapid cooling in the AVS solution. 
The blastomere in one of the embryos in Fig. 6B are shrunk 
which implies loss of membrane integrity. The membrane 
disintegration is nearly complete in the blastomere of the 
25 other embryo shown in the photograph. The survival of 
rapidly cooled oocytes and embryos did not improve when 50 
mg/ml AP were added to the basic AVS solution. The cell 
membrane integrity did not improve either and, in fact, 
there was absolutely no difference in survival or morpholo- 
30 gy between embryos and oocytes cooled in the AVS solution 
or the AVS solution with AP. . 

Fig. 6C shows the typical appearance of a blastocyst 
following in vitro culture of a two-cell stage mouse embryo 
cooled to -130* C in the presence of the AFGP. 
35 The typical appearance of normal mouse blastocysts 

following cooling in the AVS solution with 40 mg/ml AFGP is 
shown in Fig. 6C. The high rate of survival of mouse 
embryos in the presence of AFGP's, 82.5% compared to no 
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survival, o% without AFGP's cm 

the cryoprotective Properties of ^cT" 

As significant as these resm^ 
equally important are the ^""^ survival, 

the blastcere aeabrana in fh. '^^^ oocytes and of . 

"■e ccoim, occurs "1 p.te^:' T^^' ^= "'^-e. when ' 
i= evidence shows that t:.':!™^;^:; 
45 Pig oocytes (82. 2», „d 1^^^ * ^ " 

^0 " aoo», Pi, "-to^ere of 23 of the 

-e. „p..,, ="o,ert:rtr;rL7r --^ 

"•SP- The integrity of the two-oell staae T " °' 

discussed earlier with respect to Tig sb 

15 =f .J"' "^^""^ " ''^9""= = 6 show that *K 

15 of 40 ng/ml of afgp dramatf^.,, • addition 

the «^ryos and the oo^ -"Ival of 

^or th. PI, oocytes and ."^^J^Z 't'll^:' ™al 

survival for the „ouse eJryos "^^"P^^^^^lX and 82.5% 

presence of AFGP is so high thil ^"""^^^^^ " 

useful for the Partet^ s\X"^^^^^^^^^ 
the parametric studies on the effect of .*. J °' 
are also listed in Table 3 ab«. concentration 
2^ tion between very high su^i^;; .T^^ ^ 

than 20 mg/ml AFGP to verv iJ °°«°«ntrations higher 
trations lower than lo ng/ul. "° 

The results presented here cl.«.i . 
the AFGP- s facilitate th. <=iearly demonstrate that 

- models at =™icnUtat:r™ r 
that the „echanlsM of protectTon' i 

acuity Of the APsp.sJJ:,°,\7".™"ed with the 

»«^ran. during exposure to c^" ^! '"^^'^^ « 
compounds that »odlfy the Jo te»p,ratures . apop's 

" in a Similar for„ tlT ZT .1'""'"' 

on Bamtainlng the structural int. t '^"^ 
Fiou... ,p ='""1 integrity of the aembrane. 

"^es ,e and .0 Show pi, oocytes preserved for 
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4hr at 4 without AFGP (7A) , and with 40m/ml AFGP (7B and 
7C) . These figures show that the oolema is damaged without 
the AFGP(7A) . It stays intact with AFGP even in cells that 
do not survive, and it also facilitates the in vitro 
5 development of ooytes to the Mil stage Figure (7C) . The 
results in Table 4 suggest that the addition of antifreeze' 
glycoproteins is useful in protecting cell membranes and in 
blocking ion channels. The observation that antifreeze 
glycoproteins 1-5 and 7-8 (T2Q5le 4, Fractions) separately 

10 do not protect the ion flow as well as the 1-5 and 7-8 
together suggests that each one of the proteins is active 
in protecting different proteins and ion channels, i.e., is 
specific. Therefore it appears that all of the AFGP's are 
needed for complete protection, while individually, they 

15 offer partial protection. 
Ficmres 8 and 9 

Figure 8 is a photogrpah of rat liver perfused with 
Krebs solution only and cooled to -35 'C. 

Figure 9 is a photograph of rat liver perfused with a 

20 identical Krebs solution for Fig. 8 with 20 mg/ml of AFGP 
fractions 1-8 as obtained fromt he Antarctic fish (see 
Table 1) . 

While not wanting to be botmd by theory, the protec- 
tive effect of the AFGP is probably associated with the 

25 particular chemical structure of the molecule. It is 
possible that the protection afforded to the cell membranes 
during exposure to cryogenic temperatures is a consequence 
of bonds formed between the hydrophilic parts of the 
membrane proteins and the AFGP's. There is evidence that 

30 the protection afforded by the AFGP's is concentration- 
dependent in a nonlinear fashion, which suggests that for 
complete protection all the bonds must be established and 
no survival is possible with partial interaction between 
the cell membrane and the AFGP. 

35 The following examples are presented to further 

explain, describe and define the present invention. They 
are not to be construed to be limiting in any manner. 
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GENlRai. RYpf^py^pfiT^^^ 

The Phosphate buffer solution ,PB^, standard solution 
and Bay he supplemented as indicated herein, e.,. the 
higher molecular weight APGPs l to 5 „e»s to be stronolv 
ZT'^."^ modification Of the ice crystal IZZJ 
the biological function of the low molecular weight ,^11', 
remains unclear. They are less efficient in depressing 
freezing pcmt than the larger glycopeptides yet they seem 
to >=e present in the serum at much higher concentrations. 

tialirie"''^ '^^'^ ^' — 

tlally the same ratio to each other as is found in the 

A^arctic fish. Fraction 6 is present in a trace amount ^n 
the fish, and its presence or absence in the foll™i:; 
experiments (in the concentration of Fraction l-s, i! 
assumed to have a negligible effect on the experiment. 

P"'^"^'* concentration of AFP or apgp in aqueous 
solution i„ this invention ranges between about 1 Td 50 
mg/ml., especially Fraction 1-8, Table l. For some appli- 
cations, a range of 20-40 mg/ml is preferred. 

As can be observed, ice crystal formation has caused 
major disruption of the blood vessels 

vessels ana the surrounding 

cell tissue and cell membrane. 

As can be seen the cell membrane structure shows 
minimum disruption. The cell tissue appear to have re- 
fined discrete, the cell membrane appear essentially 
intact and the blood vessels are not significantly en- 

EXAMPT.R ] 
FREE2IWC r>p T.TT7|^p TTT-TTT 
(a) Adult female Sprague-Dawley rats, ages 45 to 50 
days were anesthetized with ether throughout the surgical 

procedure. The abdomen was exposed via a • 
to 4.W , . *p«sea via a midline incision 

to .:q,ose the liver. The portal vein was exposed and 
cannulat«.. Immediately, one thousand units Z heparin 

by the injection of a 5-ml solution of physiological saline 
containing 200 mg of AFGPs from an Antarctic fish (Disso- 
StlSHM Hawsoni, (see Table 1, , in a physiological co^;;;!: 
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tion of Fractions 1-5 and 7,8 (25/75). Optionally, glycer- 
ol/ saline is perfused through the liver. The AFPs used are 
those shown in Table 1 above. The AFPs for Dissostiehus 
p^vsonj and for the AFGPs of Table 1 have essentially the 
5 same molecular weights and ratios to one another. a 
combination of antifreeze glycopeptide No. 1-5 and No. 6-8' 
are used in a ratio of 1/3, w/w. The portal vein was 
immediately clamped to prevent back flow. Within a period 
of 2 minutes, several rectangular samples of the liver, 8 
10 by 4 by 3 mm in size, were sectioned with single radial 
razor cuts approximately 3 mm from the periphery of the 
lobe and were placed lengthwise on two No. l coverslips. 
A total of four animal experiments were performed. 

The first coverslip was immediately plunged into 
15 nitrogen slush maintained under vacuum at -213 'C. No 
boiling was visible. The cooling rate during freezing was 
estimated at about 4000' C/min. At the same time, the 
other coverslip was transferred to the directional solidi- 
fication stage described earlier. The samples were frozen 
from an initial temperature of 25* C to a final temperature 
of -35 'C, with a cooling rate of 4 'C/min. The time of 
freezing was approximately 15 min. After freezing, the 
frozen samples were immediately immersed in the liquid 
nitrogen slush and transferred to an AMRAY lOOO low temper- 
25 ature scanning electron microscope (LTSEM) . The samples 
were fractured in the cryochamber of the microscope, 
exposing an area approximately 2 mm from the outer surface 
of the lobe, gold-coated and transferred in a frozen 
hydrated state to the refrigerated stage of the LTSEM. 

Photographs obtained from the LTSEM are two-dimension- 
al images of an irregularly fractured three-dimensional 
surface. The photographs are taken at magnifications 
varying from 200 to 5000 times. 

Figures 2A, 2B and 2C show results from liver tissue 
35 perfused with AFGPs and frozen in nitrogen slush. These 
photographs demonstrate that the AFGPs modify the freezing 
pattern in mammalian tissue. Figures 2A and 2B illustrate 
the frozen tissue photographed at a magnification of lOOO 
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radiant etchln, of the tissue, show the outjne'of 

ice crystals, shown are Individual cells and f 
Of the ceils, the nucleus is also vis^L L L"""' 
5 tals In the cell, are different fro. 

vessels Th. ■ °i"«ent from those in the blood 

vessels The ice crystals inside the cells are similar to 
typical ice crystals formed from plunging tissue iTiili! 
nitrogen slush. These ice crystals are round in s^^pe w^^' 

10 ed r " distrilu^ 
10 ed throughout the cells. However, the ice crystals in th 
^ood vessels perfused with APPs are marKedTy 1 i f LT 

- slLr ra~t is r T 

Figure ic. Figures 2A, 28, and 2C show spicular i 
ZT^l ^ -".itudinally and transversely ,r ! 

tured blood vessels and that the spicular ice crystals are 
oriented in the same direction independent of ^ re^t"! 
orientation of the blood vessel. relative 
20 These results d«nonstrat« that water present in the 

tissue in the presence of AFSPs have ice crystals whichl 
not^propagate in the direction of the bloTd vessels 1^ 

InT; di : " ''^'^ "-^'-'^ orientation, presumabi; 
in the direction of the temperature gradient. This is 

Lri": f« '""^^ """"'^ that 

during freezing m a solution of apgps, the solutes «, 

tapped between the spicules, stabilise and for^t:: Zl 

«ystal to grow only in the direction of the c-axis 

30 T from ie fre«: 

ing Of solutions without APGPs, where the ice crystal «n 

hZotr ^-^ orientations of the icT ^st^^ 

1" theTe '^T' ^ « ""^"oi 

ceiT:id\r% :r - - 

crystal encounters a cell boundary, ah the spicular ice 
crystals terminate at the blood vessel boundaries, ^e ice 
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crystals in the blood vessels also do not cause the nucle- 
ation of the water in adjacent cells. 

A higher magnification of a micrograph of the spicular 
ice crystals in a larger blood vessel is illustrated in 
5 Figure 2C. The significant difference between the spicular 
submicron size of the ice crystals in the blood vessel and' 
the rounded micron size ice crystals in the adjacent cells 
in evident. The small dimensions of the spicular ice 
crystals suggest another potential application of the AFPs. 

10 Currently, extremely high cooling rates (e.g. 40,000 to 
100,000'C/min, several orders of magnitude higher than the 
cooling rates in the present invention, are used for 
preparation of tissue samples with very small ice crystals 
for microscopy. Freezing tissues perfused with AFPs of the 

15 present invention is used to produce small ice crystals in 
tissue with much lower cooling rates which can be easier to 
achieve experimentally. 

Figures 3A, 3B, 3C, 3D and 3E demonstrate the effect 
of the AFPs on the freezing pattern of mammalian tissue 

20 frozen with low cooling rates. The structure of liver 
tissue frozen with a cooling rate of 4'C/min in the pres- 
ence of AFPs is illustrated in Figures 3B, 3C, and 3D. 
These Figures are compared with Figure 3A which shows the 
structure of liver tissue frozen with a cooling rate of 

25 4*c/min without AFPs and with Figure 3E which shows the 
structure of liver tissue frozen without AFPs with a 
cooling rate of approximately 4000*C/min. 

(b) For comparison purposes Figure 3A shows the 
typical structure of liver tissue frozen at low cooling 

30 rates without AFPs. The large continuous ice crystals along 
the sinusoids an the completely dehydrated hepatocytes 
surrounding the blood vessels are evident. Because of the 
dehydration of the hepatocytes in liver tissue frozen with 
low cooling rates, the tissue is not able to fracture along 

35 the cell membrane boundaries and, therefore, shows frac- 
tures through large ice crystals. 

(c) The morphology of liver tissue frozen with low 
cooling rates in the presence of AFPs is markedly differ- 
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ent Figures 3B and 3c show cross-sections through a Urge 
b 00. vessel and the adjacent tissue, at a .agnification^^ 
looox and 2000., respectively. The sub^cron size spicuiL 
.ce structures, typically found in the freezing soluWoL 
With .PPs, (.igure IC, are evident in the Mood T 

oriental T'^'^ sa.e 
orientation and they terminate at the blood vessel bound! 

3B and 3C are markedly different from the smooth singirice 
crystal structures observed in the blood vessels of tissu" 
frozen w.th the same cooling rate but without apps, AZl 
3A. Figures =A, 2B. 20. and 3A, 3B, 3C, 3D and 3E obtaLd 
for cooung rates of 4000.C/Min and 4-c/min, respectiveir 

size stable spicular ice crystal structure when freezina 
mammalian tissue over a large range of cooling rates ' 

alona L 3E is 

along the cell membrane, where the cells are removed in a 

vteT't ''""^ "^^'-"■'^ ^-"^^^ » P«:c! 
T """'"P"- Of bo.-li,e Shaped 

rlLl!"' '° "ctually 

wirpireVrLn;- ir-r "^-^ ^= - 

y es 3A and 3E, it is found that the fiaures 
possess much more resemblance to Figure 3H, showing iZlT- 
fiable box-Uke hepatocytes with typical dimensions 

'I Which Z; 

IZ T "'^"^^ ^« =^"als in the expanded 

Sinusoids, is significantly different. The sur^lsina 
result Is that while Figures 38 3C and ,n ;'"'""''9 
taken f,-™, , ■, ^"^ a"^* Photographs 

taken from samples perfused with AFPs and frozen with a 

cooling rate of 4-c/mln, which is similar to the ccoring 

rate used for Figure 3A, Figure 3E is a photograph of iLe! 

ro!i rrt' -i-ogen'siush :i h 

freezina ar?. '^"''^""^1^ ^ooo-c/mm. As expected, 
freezing at these high cooling rates retains the no™, 

btrrorthr ir-^^-- --^ - Mietc:T«^ 

Di±e along the cell membrane of Fioure 3F * 

vlth low cooling rates M-CXminrwlU:; '^l^'TZ 
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impossible to fracture the dehydrated hepatocytes along the 
cell membrane, and these micrographs always show ice 
crystals. The observation is that the structure of liver 
tissue frozen with 4*C/min in the presence of AFPs resem- 
5 bles that of tissue frozen with a cooling rate of 4000 'C/m- 
in. This result illustrates the significant effect of the' 
AFPs on the freezing pattern in mammalian tissue. 

E?BtflP^S 2 

CRYOPRESERVATION OF WHOLE ORGAN 

10 (a) Cryopreservation of a whole liver from a rat as 

described in Example 1 is adapted for a whole organ. The 
rat liver is surgically removed, and held in an aqueous 
solution at 24 'C. The portal vein vessel is cannulated. 
The well known Langendorf perfusion system (with a first 

15 bottle containing Krebs solution) is used. See procedure, 
for example, D.E. Pegg et al. (1986), CrYobiolooy . Vol. 23, 
pp. 150-160. 

A second bottle of solution contains a saline solution 
and appropriate quantities of glycerol, dimethyl sulfoxide, 
20 ethylene glycol, polyvinyl chloride glucose or mixtures of 
these substances which are known as protectants for cells 
together with antifreeze glycopeptides at a concentrations 
of 40 mg/ml. 

A computer controlled mixing switch provides interme- 
25 diate amounts of solution 1 (Krebs solution) , solution 2 
( glycerol/ sal ine/AFGP solution) bursts of time lengths 
controlled by the computer, for example 0.01 sec. to 0.1 
sec. to 1 sec. time lengths. The two solutions mix in a 
specially provided mixing chamber. 
30 These two bottles of physiological solution are 

connected to a mixing valve having known adjustable flow 
rates (e.g. about 5 ml/sec) and a computer to accurately 
vary the flow rate and mixing of each bottle's contents 
immediately prior to perfusion. The perfusion using the 
35 solutions of bottles 1 and 2 is well known in the art as 
described by G. N. Alink et al. (1976), Crvobiolocry ^ Vol. 
13, pp. 295-304; (1977) Cryobiolooy , Vol. 14, pp, 409-417 
and 399-408; and (1978) Cryobiolooy . Vol. 15, pp. 44-58, 
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and K.E.F. Hobbs et al. riPSQ^ n ^. 

239-245. The Krebs solution • PP- 
at 2..C at a ratlT/IVx^"^" "^^^^ 
The glycerol/sailne/AFGP oon=eni-r,^- 
5 ate is Slowly i„c«ase/,t a Tt. o/ o „T, " 
™tU a concentration o, about "* f 

is perfused. The tissue is Z 
»ol glyoerovsaline for an o^^r.o 7""' ^ 

Xiver in solution (APSps 0.0 "'^'"^^^ 
P-=- in a coolin, sta,e (Cs'atenr-Ts^'A"', " 
temperature of the whole perfused liver Is t^ 
a rate of i-c per minute until -150 c i/ . " 
liver is then cooled usino , 1 ^<=hieved. ih. 

and held at t^L , ^^^^^ ^° 

a neid at this temperature for 72 hrs Th= , 

1-ver is then carefully thawed at a rate of betr " 

0.1 to lo'c Der Tni-r, / ^ between about 

c per mm. (preferably about I'C ner «,ir. ^ • 

Jcnown techniques with warm fluids \ ^ ""^""^ 
ly controlled microwave heatlnt . 

-sed liver. w.en the thawed ^.^e " ^ ^^^^ 

nutrient solution of Kr=h, < ' * " 

cannulated blood vessel L '"'""^ ^^'^ 
, . vessel. When warmed to 27 'c i■y^^ ^.u 

liver recovei-c -. *-w j/ c, the thawed 

^unction, z: ::ltz :rz rr- 

production of bile fol,„„ -easured by the 

thawing. "xxowing the freezing and careful 

(^) When the rat lArr 

replacedwitharatWdney aJt^e ^= 
a thawed kidney having TZlTt- '""^^"^ "P^^ed, 

organ function is o^ainet """^"^^ 

With a'lt "slTad'd'r °' ^"'^"^ -P^-d 

heart tissue «'perlu s n i^T'/^^^""" *° 

blood from the hea^ :^Z;rs .T:! """"^"^ ^^"-^ « 

tng Of the antifreeze P^^ti!^ : T^' 

thawing and perfusion w^^h'' p' :r™^ — ^ 

the reactivated heart having vlSu tl '"'' 

Viable organ funotion is ^^.Tl^^J^^r^ 



wo 91/10361 



PCr/US91/00351 



55 

heart is measured by observing restored contractions of the 
heart muscle. 

gXAHPI^ 3 
CRYQPRESERVATION OF WH OLE MAMMAL 
5 (a) The cryopreservation of a whole rat is adajjted 

from Examples 1 and 2. An adult rat Is anesthetized and^ 
the carotid vein is cannulated. 

A computer controlled mixing switch provides interme- 
diate amounts of solution 1 (Krebs solution) , solution 2 
10 (glycerol/saline/AFGP solution) bursts of time lengths 
controlled by the computer, for example 0.01 sec. to 0.1 
sec. to 1 sec. time lengths. The two or three solutions 
are smoothly mixed in the delivery tube or optionally in a 
specially provided mixing chamber. 
15 The Krebs solution is first perfused briefly through 

the animal. Heparin 2,000 units is added to inhibit blood 
clotting. 

A solution known as a cryopreservative for cells, such 
as 3 molar glycerol in saline with 40 mg/ml AFGP, is per- 

20 fused through the organ using the mixing switch arrangement 
described herein. Optionally, blood substitutes such as 
saline and/or known fluorinated hydrocarbons are added to 
the perfusion solution. 

The rat is then perfused with a glycerol/saline/AFGP 

25 solution (of Example 1) at a pulsed rate of 10 ml/min for 
20 min. The body temperature of the rat is lowered to less 
than 2*C. The animal is then cooled from the exterior to 
the interior at a rate of l*C/min. 

The rat is then cooled to -150 'C and held at this 

30 temperature for 7 days. The frozen animal is then careful- 
ly thawed at a rate of l"C/min to O'C in the presence of 
oxygen/nitrogen (20/80, v/v) . A nutrient blood substitute 
solution such as Krebs, Euro Collins, UW solution contain- 
ing is perfused through the rat via the carotid vein, the 

35 frozen animal is warmed slowly to its normal biological 
temperature (about 37*C) . Tissue function, organ function 
and viable whole rat function is recovered. 
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EXAMp r.p; A 

follicle. Of cyclic sews 20 Minutes ,1^^''"" '"'^"^ 
5 c. according to the Proce.„« ty h^"" T aT " 

r were conlte/^^^^^^^ ' 

bertal gilts (average weight 90 Xg.) sstT. ! 
Carrie, out by administration of i^Vo l a pT " 
serum sonadopin (P„sG, , (SI<^ 1 t-' ' 

.ours and Thrs" r^rinn """^^^ "'^^ 
e-bryos were collected TJZ '--"U 

-ry^a^rrrc^erwerr..*™" - ^ 

PBS containing 0..T:^VZ\lTlT.': 7 

was followed bv a • ^- This 

PBS containing 5» glycerol. 0. M^utrose and L"^ ""^ 
glycol, according to a r.^^ ^ sucrose and 35% propylene 

The embryos and oL^e: wr "rs. "rtTsl'^^, ' 

««jryo or oocyte per droplet fr^^ 
conditions and parameters ar« • ^^^^^=^ental 

Prior to coolina Z ««»»ari2ed in Table 4.) 

incubated on tie" 1.^ T/lT T ^"^^^ 

oAAue cor 6 minutes at 22' c 

Droplets containing oocytes anrt =„k_ 

in separate exDeri».n^. . * "^"^ ^=^°ss'» 

described earX " e , -'lin^/warming protocol 

.ored using a r:c;r.rg ::rrera™rt"" 

inside trans;\rt artpUrd^nr " 
1700- c/Min to -X30- c in' an ^ '^^^ 

-ained transparent a; ^^riror^^'o^ndtr ^ 
- absence of visible ice crystals. our^; CiT:! 



wo 91/10361 



PCT/US91/00351 



1,700' C/min, the transparent droplets retained an appear- 
ance identical to that in Figs- 4A and 6A. The microscopi- 
cal evidence shows that the morphology of the embryos and 
oocytes did not change during cooling and warming. 
5 After warming, in preparation for viability assays in 

cell culture, the pig oocytes and pig embryos were intro- 
duced for three minutes in 1 ml PBS, with 20% FCS and 1 M 
sucrose at room temperature (22* C) , followed by transfer 
to and equilibration in PBS containing 20% FCS for 10 

10 minutes at 22° C. 

Prior to cell culture, all embryos and oocytes were 
washed three times in cell culture media. The pig oocytes 
were cultured in TCM-199 medium which was modified in that 
it contained 5 Mg/^i of sheep luteinizing hormone (NIH 
15 S20), pig follicle stimulating hormone (LER 441-2) and 20 
ng/ml of pig prolactin (LER 2073). The pig embryos were 
cultured in Brinster culture medixim without glucose. After 
equilibration in cell culture mediiim, the oocytes and the 
embryos were incubated at 37* C under 5% CO^ in air, the pig 
20 oocytes for 44 hours, and the pig embryos for 24 hours. 

The pig oocytes were fixed after 44 hours incubation 
in acetic alcohol (1:3 v/v) and stained with lacmoid stain. 
The viability of immature pig oocytes was assessed using 
phase contrast microscopy (20) , by their ability to develop 
25 from the germinal vesicular, (g.v.) stage to the first 
metaphase (MI) or second metaphase (Mil) stage in vitro, 
and to present a normal morphology (cytoplasmatic compact- 
ness, integrated oolemma, visible nuclear stage) . The 
viability of the two-cell stage pig embryos was assessed by 
30 their ability to develop to the four-cell stage in culture, 
while maintaining integrated morphology (cell membrane and 
cytoplasm) • The in vitro culture was stopped at the four- 
cell stage because many times early stage pig embryos 
encounter the four-cell block when cultured in vitro (22) , 
35 and therefore, further incubation would not be useful to an 
experimental goal to assess the viability of the embryos 
after exposure to cryogenic temperatures. 



wo 91/10361 

PCr/US91/0035] 

58 

EXAMPT.B ^ 

following Changes. followed except for the 

5 Mouse embryos at the two-cell sta«. 

from four-week old c bi/gj k ! ^ ' obtained 

With CBVCa. males. T^i'L!^^^^^^ ^^"^^^ 

late by intraperitoneal injection of 5^5 /^'^^^^^ 

CSIGMA, St. Louis, MO) followed ^8 h 
^ X.U. HCC CSXGMA, St. Juis PortvT '^'^^ ^"^^ 

nation, the oviducts were 7 
two-cell embryos flushed o^t L'sToT "'^^ 
buffeted saline, (pbs) medium ^"^^^^^^^ 

In preparation for low temperature 
e^ryos were introduced in i ml oTpbs Jd 
in Example 3 rTh« ™ • described 

Fig. 6A Illustrates the tvan'^^i ^ ^ C. 

-bryos insiae t«„spar»t ;ro^r .uSnrT " 
rate of i,,oo- c/„i„ to -uo- c i„"? ^ 
-Sroplets remained transparent at a 1' .-^'^"""'"^ 
i"^icatin, the absence of vuile f/,'"^'"^*^- "Ox 
warming with noo- c/min th. =n'staU. During 

an appearance iae„ti:,\ ^tar^Tn "^^''^'^ '^"^'"^ 

Microscopical evidence ^J^^^" " 

"bryos and oocytes did Tt ""■^"l^W of the 

warming. "^^^e during cooling and 

After warming, m preparation for viahin^ 
cell culture, as descried in Example 3 ^e' ou 
were exposed for three minutes at 4 0 t'o Tt, T 
20% PCS and 1 „ .nerose, followed * * 
.^ilibration in PBS containing .T.^^*'^'"!'" *° 
room temperature 122- C) rsil = mnutes at 

embryos were washed three t^es in crircui:" ^" 
-use embryos were cultured to ^^^^T'" 

Arter e^iiibration in ceu'cTltrreTr " 
-ryos were incubated at 3. c ^1^: "^faiTfrn: 
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hours . 

The viability of the mouse embryos after exposure to 
cryogenic temperatures was assessed by their ability to 
develop in vitro to the blastocyst stage while showing 
5 normal expanded morphology. Table 1 lists the experimental 
results which were discussed earlier* ' 

EXAMPLE 6 
CEIX MEMBRANE ELECTRIC AL POTENTIAL 

During the experiments in which pig oocytes were 

10 vitrified in the presence of AFGP's, it was discovered that 
only 24% of the oocytes and 26% of the pig embryos survived 
the rapid cooling. However, it was surprisingly observed 
that close to 100% of the cell membranes remained intact. 
On the other hand, without the AFGP's (100%) of the cell 

15 membranes were destroyed. The effect of the AFGP's at 
temperatures higher than 0* C for pig oocytes was examined 
because it is reported that they could not survive at 
temperatures lower than +10" C. 

Immature pig oocytes were obtained from selected 

20 follicles of cylcic sows 20 minutes after slaughter, at 
20 'C, according to the procedure by Mattioli et al. The 
oocytes were then introduced in vials containing different 
concentrations of AFGP (Fractions 1-8) in a saline supple- 
mented with 0.4 w/v microm/ml BSA (Bovine Seinim Albumin), 

25 0.34 mM pyruvate, 5.5 mM glucose and 70 micromol/ml kanamy- 
cin) . The AFGP's used in this work were obtained from 
Antartic fish belonging to the family Notoheniidae f Pissos- 
tichus Nawsoni ^ . A physiological composition of AFGP's was 
used in most of the experiments having one part by weight 

30 of AFGP's 1 to 5, and three parts by weight of AFGP's 
fractions 7 and 8. (available form A.L. DeVries supra . ) 
Experiments were also performed with AFGP's fractions 1-5 
and AFGP's 7 and 8, separately. The different experimental 
parameters are listed in Table 1. To determine the protec- 

35 tive effect of the AFGP the oocytes were exposed for 4hr 
and 24hr to a constant temperature of 4'C, in a constant 
temperature chamber. After removing the oocytes from the 
4'C environment the integrity of the oolema was determined 
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by measuring the resting membrane potential of th. „ . 
at roo„ temperature. 22-c. according to a LTc . 
tottioii et al. intracellular voltage L 
-ace using single »icroel.=trode7 "at Tr^^""^ "^'^ 
S ,lass tubes CKilgenberg. . .n. electlores r:::!^:: 
on a horizontal puller and tilled „ith aM KCl. Z res ! 
tance o, the electrodes was 10-20 MegaohMs ,„c, . J 
the membrane potential the tip of the microelecttje T 
maneuvered to the surface of the cell usina 
.0 later controlled through 400. magnificaUon XT^!:" 
nuovert microscope equipped with Kom.rs.i optLs ^el 

^L^tirwa:^— — - - 

remained cortlnt Tor at itari , sec""" """" 
resting membrane Potential a verys™""?'' '"^^ 
membrane integritv m ^"^ ""''^'^"^ °"teria for 

tn,^^ * "^agrity. m addition, experiments were per- 

following exposure to the hypothermic conditions. sev«al 

1 e in the basic pbs solution and without, were Incubt^ I 
TCM-199 medium, which was modified in >■ '''"^^^^ 

s -icrog/ml sheep luteinizing hol"e TlH srof^"^ 

follicle stimulating hormone (LER 441-2, anHn 

Pig prolactin (LER 20731 at 37.r ^ -anog/ml of 

44 hr Aft., . ' ° ^* oarbondioxide for 

nr. After incubation the oocytes w.,-. ^ • 

acid/ethyl alcohol (1-2 v/v, a./^I " ""^^ 

The viabilitv or/n ^^'="°" =tain. 

viaoility of the immature pig oocytes 

using Phase contrast microscopy by Lir ^!i,t . 
from the initial germinal vesicul« ,1 ' , T'°' 
first or second metaphase, «i or Ji i^ V *° 
present a normal morpholog; (cytoLlf . *° ' 

integrated oolema, viTihle L I^rt' eT = 
observation also allows a gullitatl " . T 
structural integrity of the Telrane " °' ""^ 

For each experiment the results fr.r- k ..u 

given, as shown in Table 4. .h i „ , all meT"'' 

" ail means was -31 
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20 



mv, and the mean standard distribution, 4.5 mv. These 
values are within the normal range of membrane potential 
for pig oocytes. It should be emphasized that measuring 
potential is a very sensitive and recognized measure of 
5 membrane integrity. It is apparent from Table 4 that the 
combined AFGP's fractions 1-8 protect the olema gainst 
damage induced by exposing the oocytes to hypothermic 
conditions, since there are no ice crystals present at 4*C 
the protection must occur through an interaction between 
10 the Antarctic fish glycoproteins and the oolema. There- 
fore, this part of the experiment demonstrates that the 
AFGP's directly protect membranes, which is a property of 
the AFGP's that has never been reported. The level of 
protection is not a linear function of the AFGP concentra- 
15 tion; it reaches saturation at about 1 mg/ml in the perfu- 
sion and drops to low values at 0.1 mg/ml. This is a 
typical property of protein-protein interactions, which may 
indicate that the glycoproteins may offer protection by 
binding to the available sites on the oolema and can 
provide their protection only if all the sites are occu- 
pied. These sites could be the membrane proteins. Table 

4 also shows that the whole physiological combination of 
AFGP's 1 to 8 is needed for protection and that AFGP's l to 

5 and AFGP's 7, 8 separately do not protect the membrane. 
25 This result is extremely surprising because studies on the 

effects of AFGP's on depressing the phase transition 
temperature and ice crystal formation show that AFGP's 
fractions 1-5 depress the phase transition temperature 
almost as effectively as the whole combination of AFGP's 

30 fractions 1 to 8. On the other hand, it is apparent that 
AFGP's fractions 1 to 5 separately do not protect the cell 
membrane, and neither do AFGP's fractions 7,8 separately. 
A possible explanation for this phenomena is that all the 
different proteins with different lengths are needed to 

35 bind to all possible sites on the membrane and to block all 
the possible leaks sites and ions channels. 

The microscope evaluations of the oocytes exposed to 
4'C for 4 hr and incubated for 44 hr to verify the results 
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obtaxned through measurements of membrane resting poten- 
tial, in the absence of AFGP's only 2 of 20 oocytes 
retained an integrated oolemma (io%) , and none of the 
oocytes matured in vitro, (0%) . Figure 7A illustrates the 
appearance of an oocyte preserved at 4-C in PBS without 
AFGP. The oolema is apparently not integrated and the 
cytoplasm is degenerated, in contrast, in the presence of 
40 mg/ml AFGP, ii of 18 oocytes retained an integrated 
oolemma 61% (Figure 7B) . This result further demonstrates 
that the AFGP.s protect the oolema of cells exposed to 
damaging hypothermic conditions and is consistent with the 
measurements of the resting electrical potential, close to 
25% Of the oocytes survived and matured to the MIX stage as 
Illustrated by (Figure 7C) . 

EXAMPLE 7 

CRYOPRgSFWATTON fFFFPT OF TKT. .Pr.o.c 

^ The procedure is essentially identical to that de- 
scribed in Example l. 

Experiments were performed with adult female Sprague- 

IZ 7 '° — anesthe- 

tized with ether throughout the surgical procedure. The 
abdomen was exposed via a midline incision to expose the 
ixver. The bile duct was exposed and cannulated. Bile was 
collected and used as a criteria for viability. The portal 
vein was exposed and cannulated. Immediately one thousand 
units Of heparin were injected into the vein. The liver 

through the vein, m some of the models this was followed 
by an infection through the vein of 3 ml solution of Krebbs 
containing 20 mg/ml AFGP Fractions 1-8 (in a physiological 
composition found in the fish) (from the Antarctic fish 
belonging to the family Nototheniid, Dissostichus Mawsoni, . 
The liver was then introduced into a refrigerator at 4' c 
for 6 hours. After that time, the liver was removed, 
perfused with a Krebbs solution at body temperature and 
kept on a plate maintained at body temperature 38-c. The 
production of bile was measured as a criteria for viabili- 
ty. This test is a well accepted criteria considered to 
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provide the best overall indication of viability. The 
results show that with AFGP's, the bile rate of formation 
was about 85% of the initial level after 6 hours at 4*^ C. 
In the absence of the AFGP, bile rate dropped to about 20% 
5 of the normal level. Three animal experiments were per- 
formed for both the control and the solution with AFGP. 

EXAMPLE 7A 

EFFECT OF AFGP ON LONG-TERM VIABILITY 
OF INTACT RAT LIVER TISSUE 

10 

Surgical Procedure 

Livers from Spague-Dawley rats (35) of ages 50-55 days 
are surgically removed. The peritoneal cavity is entered 
under nembutal anesthesia. The bile duct is cannulated 

15 with a PE-30 polyethylene catheter, and the bile is col- 
lected for 10 min while the surgery proceeds. After 
partial mobilization of the liver from adjacent tissue, a 
16 -gauge TEFLON* intravenous catheter is introduced into 
the portal vein, and 3.0 mL of perfusion buffer containing 

20 1000 units of heparin is rapidly infused using a 3 mL 
syringe. The inferior vena cava is transected distally, 
and the portal vein catheter infused with Krebs solution 
pre-equilibrated to a 95:5 mixture of 0^ and COj at 0**C from 
the remainder of the surgical procedure. The inferior vena 

25 cava is ligated above the renal veins and freed from 
adjacent retroperitoneal tissues, and a PE-205 polyethylene 
catheter is secured in the superior vena cava through an 
incision in the right atrivua. Samples of the effluent are 
collected at this time. The entire liver is then carefully 

3 0 cut free from the surrounding tissue and washed with warm 
saline. 

Storage and Isolated Organ Perfusion 

For the test livers, the perfusion line of TEFLON* is 
removed and a 3 mL solution of Krebs solution containing 20 
35 mg/mL of AFGP fraction 1-8 from Antarctic notothenoiidae 
fish (D. Mawsoni) is injected into the catheter. The whole 
liver is then immediately placed into a container contain- 
ing cold Krebs solution and is returned to the constant 
temperature apparatus. The apparatus and liver are kept at 
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™f "" "•" " « .. 

=.r=u.t .escribe, by containing Krebs soiutL 37 c"« 
e,uU^r«ed with a Mixture of 95% oxygen an^ II 
dioxide. The flow rate 1, <-h 

0 WMin With car.r atV^i nrth^^rtlT/J " " 
and catheter. ^e Xiver ia perfus^ "oHo . „^ 
emuent ,ro„ the liver is collected continu usi; for Zl 
intervals o-s, 5-10 and 10-25 min m .r,^: 
collected in 15 .in intervals 

' Control 

For a stored liver control study, the liv.r- 
injected with a ■? wt «^ xr liver was 

J v-cu witn a 3 ttL of Krebs solution -u^ ^ 

aaan:ion. For the warm control liver *->,^ i 

Diagnostics kit soo. * Dv-visi!i! " '"'"^ 
utilized. visible sfectrophotometer is 

performed with 35 rats. Each experi- 
mental point represents between 3 and 5 ani»„ 

BiXe flow commenced within 3-5 mins.^:"™:::; 
was c ^ ^^^^ ^^^^^^^^ r l.ver 

Si ei°: Tver Lir ^-^^-^ ^ — 

xivers do not produce bile saii- <-k^ 
of bile from a«„ . ' ^'^^ production 

bile from any excised liver could not be sustain^^ ^ 
much longer than about 50 minutes The Jl ^^^^^^^^'^ ^' 
reaches a plateau during the second co^^^^^^^^^^^ 
tains this level for the duration of the perfusL 
- is a Plot Of the bile production from hTstrd coneT 
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tion versus the storage period 6, 12 and 24 hrs. Figure lo 
shows the gradual decrease of bile production as the 
storage period increases. The solid line column represents 
the bile production from liver stored with AFGP in Krebs 
5 solution. The dashed line column represents livers stored 
with Krebs solution only. There is a significant increase' 
in bile production from livers stored with the AFGP at all 
the storage times. Although the bile flow decreased 
significantly after 24 hr. of storage, the bile production 
10 with AFGP showed an improvement over liver stored with 
Krebs solution only. 

In the 24 hr storage experiments with AFGP, the 
typical LDH activities during the perfusion process is 
shown by the solid line column in Figure 10. The dotted 
15 line column represent the results from the control liver 
perfusion, and the liver stored in Krebs solution are 
represented by the dashed line column. For the AFGP- 
per fused stored liver, the release of the enzymes is at a 
maximum during the first 5 min of the perfusion, and then 
20 decreases at later times to near control levels. The Krebs 
solution stored liver also reaches a maximum during the 
first 5 min* of perfusion. However, the decrease in 
activity level at later times remains significantly higher 
than control levels. 
25 In utilizing the enzyme colorimetric tests, these 

results from LDH activity show the membrane protective 
capability of the AFGP. Since leakage of higher levels of 
LDH activity is reported to be associated with membrane 
damage, this test provides an indication of the integrity 
30 of the hepato cellular membrane. The results of the LDH 
tests show a significant decrease in activity for livers 
stored in AFGP, which indicates lessor damage to the 
cellular meiabrane. From these results, AFGP clearly 
provides cellular membrane protection during the storage 
35 process. As indicated by the increase in bile production, 
the AFGP protection of membrane leads to better preserva- 
tion capability compared to Krebs solution alone. 
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Perfonnea 1„ parallel usin, rZThVa« 

White laboratory rabbits ,2-3 ! 
anesthetized. Each heart was , ' - 

control heart was perfuse^wUh The 

^ containin, Krebs solution at 7^^^^^^ 
_^=e/w,ter bath at ab out o-. (iHTTk^^^-^^^S^-i!^ ) 

sec « 

purine. stan:::r::e«:ror:;:s:^?^^ 
< -/^rrect'to rr::rr ^^^^ - - - 

peruse. With Krebs solutior/t !?<::r^r 
eo»e glucose, ,or one hr. DurL, t^ilT"" "ntaining 
weakly (or fluttered, At th ' 
(Philological te^ra;ure,, the'atrt, °' °" ""^ " 
" iJTot water, aortic txi^ Z ne^M -m""" 
rate through the heart was ablut 2 cc ' ' "~ 
nonvigorous, beating at about 30 beat 

ly the portions of the h«rt t ' ^'"^ visual- 

dying. *** appeared to be dead or 

The experimental heart (with apgp, 
"•<= 4 hr, then connectel t^ ^1^. " 

apparatus and perfused with Kr»h= ^ '"'^lo" perfusion 
ally containing glucoseT ^.k " °" " '"P"™" 
the aortic preJs!re C^ver i^St' f """^ " 
" cc/„in, and a cardiovascula: : orTt; b "^^ 
per Bin. was measured. This h^J " °= 

^-t 1.0 beats per .inure vYs^Uy 1'"™^' 
robust, these measurements were ciTse t'o ^ '""^ 
normal heart. ^° va^^^es for a 

■EXAMPT.ff fl 
Mouse embryos at the two cell sta«o 

ceil stage were introduced in 

i-7 .r. . . 
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a T6 Whittingham medium with 40 mg/ml antifreeze glycopept- 
ides and without an atmosphere of 5% COg and a temperature 
of 37 'C for 72h. Accidentally the concentration of COj 
increased to about 8% and the temperature fluctuated while 
5 being most of the time at temperatures higher than 40 'C- 
After incubation at these non optimal environmental condi-^' 
tions close to 80% of the mouse embryos developed to the 
blastocyst stage in the presence of the antifreeze protein 
while less than 50% developed to the blastocyst stage 
10 without the antifreeze protein. This result demonstrates 
another useful property of the antifreeze proteins at 
hyperthermic temperatures and in a chemical environment 
that is not compatible with the cells. 

While only a few embodiments of the' invention have 
15 been shown and described herein, it will become apparent to 
those skilled in the art that various modifications and 
changes can be made in the preservation composition and 
method to preserve viable plant or animal cells, or viable 
tissue or viable organs or plants viable animals which 
20 cells, tissue, organs or plant or animal are viable upon 
thawing without departing from the spirit and scope of the 
present invention. All such modifications and changes 
coming within the scope of the appended claims are intended 
to be carried out thereby. 
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WE CIAJM. 

to hypothec.! or hjperthe " "^""^ "-"^-^.a 

■J '"paticxe aqueous solution 

2. The co,:^osltio„ Of cxai» i wherein tte k- , . 
ly coapatlble suj^stance enhances the "Lm 
rapxdly cooled in vitrifying solutits ' °' ""^ 

es ,z;;er: ^l?:::;"" ^"^^^ — - 

— ide. Poiy.Up^trd;„™rosr"' ^"^^''^^ 
=arbcxy„ethyl cellulose, or ^i^tures Ceof 

ceil i-e-r^e::"^ "srieirt: :r - '^^-^ — 

«as ti.„e. wnole organs, or IZZ^Zu' 

...cop;pt": :r:ri: "ahie r ' -"^^^ 

sper.. oocytes, e^^cs r^es'tire""" " 
Plants or antaals subjected to hi " 
temperatures ors non^v^ ^ ^ ""^ 
^.generation of thrT'rie t'"" ^^o- 
-.ca: treatment o^tils^Tin Cttherr' J" 

:«:r;use:r^e ir-^ ~- » "r/-; 

and medical treatment of disea~Ta= 

the cell sodium-potassir;^p"^°""^^ "^^-^ 

6. The composition of claiTn i 

ly compatible substance is selec"e.T"" 

tially identical to antifr»? , "^^''^^^ substan- 

«.e antarctic noto;eX: UH aT^ ^ 

and 8. *® fractions i - 5, g, 7 

7. The composition of cia^™ « u 

f .lycopeptide present, about Lrr::' ll 

fractions I - 5 and about ,5* by weilt of ^ 

8. ^ weight of fractions 7 and 

8. The composition of claim 1 for use i„ 

j-ujT use m the preser- 
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vation of cell membranes in hximan cells, tissues, or organs 
or a whole human being. 

9 . A method of protecting or preserving viable plant 
or animal cell membranes which method comprises contacting 
the viable plant or emimal cell membrane with an acceptable 
concentration of the composition of Claim 1. 

10. The method of Claim 1 wherein the concentration 
of the biologically compatible substance is present in 
between about 20 and 50 mg/ml of solution within the blood 
vessels. 

11. A composition useful in the preservation at high 
temepratures or at low temperatures below the normal 
physiological freezing point of animal fluids or in nonph- 
ysiological chemical conditions, at least one animal organ, 

5 or animal tissue or whole animal, which composition com- 

prises: 

at least one biologically compatible substance which 
promotes ice crystal growth along the c-axis of the ice 
crystal, and inhibits growth of an ice crystal along the a- 
10 axes of the ice crystal, and 

a biologically compatible aqueous solution. 

12. The composition of Claim 11 wherein the at least 
one biologically compatible substance comprises a polypep- 
tide, glycopolypeptide, or a polypeptide or glycopeptide 
covalently bonded to a carrier, or mixtures thereof. 

13. The composition of Claim 12 wherein the polypep- 
tide or glycopolypeptide is obtained from a natural animal 
source or is substantially identical to a polypeptide or 
glycopolypeptide obtained from a natural animal source. 

14. The composition of Claim 13 wherein: 

the polypeptide comprises multiple regions of ala- 
nine-alanine-threonine- or -alanine-alanine-alanine-, or 
the glycopolypeptide which comprises multiple regions 
5 of alanine-alanine-threonine, wherein covalently attached 

to substantially all of the threonine residues is the 
disaccharide , B-D-galactopyranosyl- ( 1-^3 ) -2-acetamide-2- 
deoxy-a-D-galactopyranose • 

15. The composition of Claim 14 wherein the molecular 
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velght Of the polypeptide or glyoopeDtld-. • v. 

2,000 and 50,000 daltons. ^= between about 

IS. The composition of claim 14 which fu«-h • 
Pendently includes compounds i„d»-J- 
glycerol, dimethyl sulf^^Te^tr ^^ ^^ 
yrrolidone. glucose, ^^a^ed^^ rrr~'' ^'^^-innp- 
or mi«ures of these com™"i;ir!:rL 
i«.ividual cells from damage by te«in" ^ *° 

tempeil; Js°r:'t"r t"" — ation at high 
Physiological freezing PoirT""' ^-^^ 

nonphysiologicla cricaTcVd LC" of"""' " ^" ^ 
animal tissue, at least on. animal cells. 

Which composiwon cZis;;, " "'"'^^ -^-l- 

cule having' alteratr, hvf "'"""'"^ 1- 

«,ions whL c:\irnt:rcr:^^^^^^^^^ 

or between about each „ to 30 ^gsttms ::d 

ing hydroZi:" ^ " — 
-ut each 1.S or LJ^ Z 1^°^^:-°- 

19. composition of Claim 17 Wherein th. 
•cule is Obtained from a fish, amphibitn bTrd 

ate, or reptile. pnioian, bird, mvertabr- 

20. The composition of claim i-, u 
organ, or whole animal is from or "s a h " 

The composition of" a" a„ „h 
cally compatible macromolecule ""^"^i- 
antifreeze glycopeptid" """"^ ^^^^ 

22. The composition of claim 91 v. 
freeze protein is selected fL . ^"^i" 
Peptide covalently ho„td to a b - 
carrier. ^° ^ biologically compatible 

wei,hr . te™:: Tjrpe^tir"" -^--^ 

2,200 and 40,000 daltons. ^'^^^^^^ 

24. The composition of claim o-, u . 

Claim 23 wherein the anti- 
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freeze peptide is similar to, obtained from or derived from 
the serum or fluids of an animal selected from amphibians, 
reptiles, insects, worms, Arctic fish, or Antarctic fish. 

25. The composition of Claim 22 wherein the biologi- 
cally compatible carrier is selected from an antibody, 
gelatin, biocompatible polymer, peptide, sugar or carbohy-* 
drate . 

26. The composition of Claim 1 which is useful in the 
survival, functionality, stability and structural integrity 
of biological materials, including proteins, lipids, 
enzymes, cell membranes, animal or plant cells, microor- 

5 ganisms, tissues, organs, whole animals, or whole plants 

subjected to nonphysiological temperatures, either higher 
or lower than the normal physiological temperatures or 
nonphysiological chemical environments by interacting with 
the proteins, lipids or the cell membranes. 

27. The composition of Claim 1 which is useful in 
improving survival, functionality, stability and structural 
integrity of biological materials, including, proteins, 
enzymes, lipids, cell membranes, animal or plant cells 

5 microorganisms, tissues, organs, whole animals or whole 

plants sxibjected to temperatures lower than 0*C in the 
presence of ice crystals by modification of the structure 
of the ice crystals in the immediate vicinity of the 
proteins, enzymes, lipid or cell membranes. 

28. The composition of Claim 1 which is useful in 
improving in improving survival, functionality, stability 
and structural integrity of biological materials, includ- 
ing, proteins, enzymes, lipids, cell membranes, animal or 

5 plant cells microorganisms, tissues, organs, whole animals 

or whole plants subjected to temperatures lower than O'C by 
reducing the number and the size of the ice crystals or by 
completely eliminating the ice crystals in the immediate 
vicinity of the proteins, enzymes, lipids or the cell mem- 
10 branes . 

29. The composition of Claim 1 which is useful in 
improving survival, fxinctionality , stability and structural 
integrity of biological materials, including, proteins, 
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presence of ice crv«*.»i= u 0°C in the 

t.e Chemical Ipositio: ^.V^ "'"^ 

30. The composition of claim i which i= 

bloc, ion chann.,, ^^^^^ J to st^nf *° 
membranes. stabilize cell 

31. The composition of claim i vhin>^ i 
Mnam, other ^cromolecules or con^ugat* t 
enzymes, lipids, or cell memhranes 

32. The composition of claim l wherein fh= k- , . 
cally compatible substance is a J 7 biologi- 
or substantially iflentictl "''Gained from 
an animal selected^or« >, """""^^-l^ *-ived from 
reptile. ^""=1"' invertebrates or 

33. The composition of claim i wherein tho „• , • 
cany compatible substances are antifreeze nro!^! 

to. Obtained from, or derived trol T I 

=.^4 1 wejTivea from the body fluiri<= 

anxmals selected from insects, amphibians rJn 

fish, from Arctic a^^k ^- "ptiles, worms, 

T»p.rate zo^ ^^^^^^^ South 

Antarctic or Arctic ftsh """^ <" 

35. The composition of Claim 34 wherein th= , • 
cally compatible substance is an JJT "lologi- 
substantially identical to or ob^i" ''^"^^^^"^ 
the Antarctic fish is selected 11?^ " ^^"'^^^ 

ae, including the species rjwrni^LTB^::!™- 
or the Antarctic eel pout ^igophiirde^ ^^^0^ ^ 
Arctic winter flounder. ^«orni, or the 

36. The composition of claim i wherein ^-h. , • 
cally acceptable substance is selected frll . 

arrier, a glycopolypeptide covalently 
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bonded to a carrier or mixtures thereof, 

37. The composition of Claim 1 wherein the biologi- 
cally compatible siibstance has the property of promoting 
ice crystal growth along the c-axis of the ice crystal, and 
inhibits growth of an ice crystal along the a-axis of the 

5 ice crystal. 

38. The composition of Claim 1 wherein the at least 
one biologically compatible macromolecule has alternating 
hydrophobic regions and hydrophilic regions which repeat 
between each 16-17 or 19-20 Angstroms, or which repeat 

5 between about each 16.5 or 19.5 Angstroms. 

39. The composition of Claim 1 further including 
additional preserving, protecting or vitrifying compounds 
selected from glycerol, dimethyl sulfoxide, ethylene 
glycol, polyvinyl pyrrol idone, glucose, sucrose, propanedi- 

5 ol, propylene glycol, carboxymethyl cellulose, or mixtures 

of these agents which are known to protect cells and 
biological materials against freezing damage or to promote 
vitrification. 

40. The composition of Claim 1 wherein the biologi- 
cally compatible compounds are selected from particular 
antifreeze glycoproteins from Antarctic fish, and anti- 
freeze peptide from Arctic fish or antifreeze proteins 

5 derived from insects or worms are used in viable preserva- 

tion and are used for protection of proteins, lipids, 
enzymes, cell membranes, cells including oocytes, embryos, 
microorganisms, tissues, organs or whole animals or whole 
plants subjected to nonphysiological temperatures and 
10 chemical environment. 

41. The composition of Claim 1 used to protect and 
stabilize membranes are also used in preservation of food; 
in cosmetics to restore, preserve or repair skin tissue; or 
in diseases associated with the instability of cell mem- 

5 branes . 

42. The composition of Claim 1 used to block ion 
channels in treating diseases associated with imbalances of 
the intracellular-extracellular ion transport. 

43. The composition of Claim 1 used to attach and 
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interact with cell membrane, in attach 

ecuxes «n,u,ate. to t.e '.^u, til:!™ 
tating ^ir .tta=h„e„t to the cell 

ai, ^L.:::::: rrrr.: 

Moio,.«i „.te.ui3, at ™oiorcrtt.rxrs o; 

in nonphysiological chenioal coBBositW • , 
= proteins, x^p^^, ,,,, .elTres a;i;al f'"' 

cells »i=roor,anisHs, tissues, organr ^t^!?' ! 
"hole plants, which method co»;ris7r' " 

(a) bringing in contact with the blologioallv .... . 
able substance of clai„ i i„ suff lcle„7 " 

" to interact with all the ^ "noentration 

cell .e^ranes," it\ rp rcens Ti^^ ' 
-sues, organs, whole anLls T'' l^Z':'^'' 

(b) exposing the coinbinatio, sLep L 
nonphysiologlcal condition, ana ' 

(c, removing the .acroMolecule and returning the 
proteins, enzymes, lipids, cell me„branes anlli 
Plant cells Microorganisms, tissues organs 
animals or whole plants, to a physio ogicaT tempera- 
ture and composition. T:empera- 

45. The method of Claim 44 wherein « ^ > 
cal condition include ^ermaH:: rt:rr:brt":^^ 

n/^rtiis'-ir' 

= organs, whole animals T wr/e "llT' 

.hj:; ".ctirmeTrLr;—:^^^^^^^^^^^^^ 

microorganisms, tissues, organs whoi. , ' 

,4. ^ "t^gans, whole arumals or whole 

S cLt'ses! 0- to .K, Which meLod 

IMe s^s'^cVoVculmT^ "^""'^^'"^ 
other cryoprotelrc^porrr"^ """^ 

10 '° temperatures by means 

cooling and either vitrifying or freezing the system 
according to the various concentrations U c o , 
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rates used higher concentrations of additional com- 
pounds, such as propylene glycol or glycerol and 
higher cooling rates which lead to vitrification and 
to lower freezing temperature. 
5 (c) maintaining the proteins, lipids, cell membranes, 

animal or plant cells microorganisms, tissues, organs,'' 
animals or plants, animal of these temperatures for 
time periods of up to 10 years, 

(d) warming by warming means including warm fluids or 
10 microwave heating to physiological temperature condi- 
tions, and 

(e) removing the antifreeze glycoproteins and the 
other compounds and replacing them by physiological 
compatible solutions. 
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FIGURE 7A 
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I. Ccn?ositions: claims 1-8,11-^ and 

Ifethod 1. daifls 9,10,43-66, Preserving cells, tisaies 
n. Vkthoi 2. claim 41, Preserving food 
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